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PREFACE. 

In presenting this new edition of Practical Pattern- 
making, we have endeavored to make the book more 
attractive and interesting by the addition of new ma- 
terial at places which seemed somewhat incomplete. 
The substitution of this new text for such part of the 
old voliune as, in our opinion, was of less interest to the 
patternmaker, improves the general tone, and makes 
the entire book more usefxil and instructive to the trade. 
The specific examples, which coxild easily be increased 
in number, there being no lack of material, if the size 
of the work did not restrict their nxunber to the allotted 
space, have been selected with the purpose of making 
the ones given of as great scope as possible, that they 
may be of wider;^^plication)^ ^^^^ls: piaking this part 
cover a larger field o^pattern workri - - : ^ 

All technical book^mustiieces^arily be only a more 
or less incomplete record i)tt?stjttsk{tained by the efforts 
of the individual in-thfeiliiici ci.w-dirtor study to which 
the book is devoted. It is obviously impossible to make 
any such record entirely complete in a single volume; 
and in selecting the material for a book of this kind, 
much that is desirable must be discarded, retaining only 
the best, or that which seems, in the judgment of the 
author, to be of the greatest benefit to the average trades- 
man. 
If the intelligent reader, making due allowance for 
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X v.)i s)MiSiV> tkhis^ that this book seems to cover the 
'Kisa v>i ^HU^uuiokiii^ thoroughly^ giving satisfaction to 
tiK"^' ^^^^^^kifi^ iatOi:m&tioa,. and interesting those who are 
vuiUu^ gi ^4m^> to leant hx»n the experience of others, 
ibcu Av' stMkil t^ that our time has not been wasted in 

Haii^v v>4 thc^ >4jLbjects illustrated and discussed in this 
iiv\^tiij^^ v>iH{,uwUly appeared in the columns of the 
^VjiuvH.krtU Mavhimst,*' others were published in "The 
l^^lU^uuwdtvi/' .VjtKl m "Wood Craft," and "Cast- 
iu^iiy'' tU^ >i«v<ihy ^successors to "The Patternmaker/' 
^V^VvWvNii th^^ ucw material used to make this edition 
Ukssv iHVii4?utabltN To these publications we are in- 
UvKv>i tv< thv^ v,\>urtesY extended. 

b^iu iu thv^ bdhHt that this revised edition will find 
t^wH iu Uh? v\vva oI my fellow craftsmen, I am, 

. • Y9UR.ypry truly. 
* Y vV .Vt'^l W. Barrows. 
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PATTERNMAKERS AND PATTERN- 
MAKING. 



CHAPTER I. 

PATTERNMAKERS AND FATTERNMAKING. 

If there should be as much time and skill devoted to the 
search for the original patternmaker as has been displayed 
m the search for ancestors who may be exhibited without 
detriment to our present social and moral standing, it 
would perhaps be found that he was known among his 
neighbors as the best man to build that new house for the 
mayor, or the sty for Farmer Jones' pigs, and, in fact, any- 
thmg wanted, which was constructed principally of wood. 
Perhaps it was a plough which first demanded the services 
of a patternmaker, and as the plough had always been made 
of wood and constructed by the party mentioned above, 
what more natural than to employ the same capable indi- 
vidual to construct the desired pattern? Or, what is still 
more probable, that this same talented man, whose many 
accomplishments have been handed down through genera- 
tions to the present skilful members of the trade, originated 
the pattern idea and used one of his own wooden mould- 
boards for the first pattern. Some of the castings made 
to-day look as if the original pattern were still in use. 

15 



PATTERNMAKING. 

Later, as the wood-workers became divided into c 
each individual following that particular branch which 
liking or necessity dictated, it seems to me most probable 
that each branch would be called upon to construct such 
patterns as might be needed for castings used in their line 
of business. With the demand for castings constantly in- 
. creasing, the moulder commenced to be heard, and the 
sound of his voice has never since ceased. 

Men began to see that, whatever the casting, there were 
certain rules to be followed in the construction thereof: it 
must have draught, and the shrinkage of the casting must 
be allowed for. Even at the present day, if these simple 
rules are transgressed, it causes the moulder to grieve and 
the man who pays to swear. 

As you couldn't reasonably expect every wood-worker 
to know about these little things, the pattern work would 
naturally come to such as had shown their ability to con- 
struct useable patterns; this man would soon have work 
enough to keep him busy on patterns alone, and as a con- 
sequence the patterns would improve. 

As the struggle to produce more castings grew intense 
and it became necessary to have better castings, and more 
of them, the wood patterns were not substantial enough, 
or perhaps the wood pattern was used up, and some genius 
hit upon the happy idea of using one or more of the cast- 
ings already made for patterns. The next step was that 
the moulder, who is ever watchful of the master's interests 
when it happens also to be his own, suggested the gating 
of the patterns, having noticed the castings as he dumped 
the mould, with their runners tying them all together, mak- 
ing one pattern of the flask full. This shifted a portion of 
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his own work upon the patternmaker. To be sure, he got 
better castings and more of them, but this was entirely the 
result of the patternmaker's efforts. 

Still the demand for more and better castings at lower 
prices would not be satisfied. As a result of the eflFort to 
supply this demand, we have now the moulding-machine, 
and a good many of them, which will do anything that the 
moulder can do and do it in a very superior manner, so the 
advertisements say. The moulding-machine lowered the 
cost, as the patterns are so arranged that less skill is re- 
quired of the moulder, thus making possible the employ- 
ment of cheaper help in the foundry, increasing the output 
and decreasing the cost of production. 

So we have advanced from the crude, inaccurate wood 
pattern, made by the wood-chopper of prehistoric days, to 
the highly finished metal patterns now required for the 
moulding-machine, and from the all-round individual of 
that time to the highly specialized patternmaker of to-day. 
The patterns that are constructed of wood, by the skilled^ 
members of the craft to-day, show evidence of good judg- 
ment in the selection and arrangement of the material, 
although there are some of us who are inclined to think 
that if the making of the wood were intrusted to us we 
could produce a very superior article in this line, and one 
which would be less subject to the influence of the weather. 
However, the man who constructs the pattern for some 
light, frail piece so that it gives good service and keeps its 
shape, is still entitled to some credit for so doing. 

The durability of the wood pattern depends greatly upon 
the wise selection of material, and by this I donH mean the 
kind of material, because this is usually dictated by the 
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firm, or by the foreman; but if the entire stock of lumber 
is limited to two boards, there is a choice between the two, 
and it is in making this choice that the expert shows his 
skill. Sometimes, it must be confessed, it seems as though 
each one of the two was a little poorer than the other. 

I'or largo patterns or such as will be used but a few 
limes there is probably nothing to be had better than white 
Jiini', while for small and medium-sized pieces, especially 
if they are to be much used, a harder wood is better. 
Many prffer cherry; for myself, I prefer mahogany, and 
for light, thin patterns would use what is known as Mexi- 
can wotxi. For short, thick forms, especially such as may 
ln) made almost completely in the lathe, Cuba wood is 
Itt^t- Whatever the material, it must be thoroughly sea- 
ftuni'd, and from old trees in preference to young timber, 
M younn linil)cr, while it is usually much harder, is also 
nvurh more liable to spring and twist. 

In aswemliling the pieces which go to make up the com- 
l>leU> (wttfrn, glue is much used; here again experience 
('(vunU, and even the boy has found that it is quite a knack 
U» make glue joints that are really substantial. Wherever 
{Huulhle, gUlo joints should be nailed or strengthened with 
m'rewa. Loose pieces are sometimes necessary on wood 
Iff ntetal iMitterns, but it is a good rule to make them as few 
fA poatilbit'. They add to the cost and are often the cause 
(if |ionr castings. 

Many sho|)s use two colors of varnish, one for core 
(irints and another for the body of the pattern. This is 
probably a good plan if not carried to extremes, as in the 
case of Home regular stock pattern which is in use pretty 
much all the time. The moulder doesn't need to be con- 
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tinually reminded that he must set a core in this moul< 
and the patternmaker can employ the time saved to muchi 
better advantage. 

After the first coat of shellac is the proper time to wax 
or putty a pattern. This operation often gives more satis- 
faction if the whole job can afterward be covered with 
black varnish, for black varnish, like charity, covers a 
multitude of sins. Putty will probably wear longer, but 
it isn't quite as nice to handle, and doesn't harden so 
quickly as wax, although when it has set it is much harder. 
Beeswax, unless it is pure, and put on hot, will not adhere 
lo a wooden pattern. 

When we come to metal patterns, the master pattern, if 
one is required, is generally of wood, thus calling for the 
services of the woodworker, and the castings for gating are 
usually of brass; so the brass finisher, with his knowledge 
of soldering, is called upon to finish and gate the castings. 
Thus was the original melal patternmaker drawn from the 
ranks of the brass finishers. To-day the competent metal 
patternmaker is called upon to finish not only brass pat- 
terns, but also those made of cast-iron, aluminum, steel, 
lad WTought-iron. He must also be familiar with the use 
of machine tools, the lathe, the planer, milling-machine, 
and drill press. So that the pattermnaker of to-day may 
be said to have added to his previous knowledge of mechan- 
ical drawing, woodworking, moulding, and brass finishing, 
no small part of the machinist's trade. 
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HOW SOUE FOLKS UAKE PATTERNS. 



There are about as many different ideas in regard 
to the construction of any one pattern as there may be 
good ways of making the pattern. Where is the pattern- 
maker who, in looking over patterns he knew were made 
"outside," has not noticed that "they don't do their wort 
as we do" ? This only shows that your way is not the only 
way, and very likely not the best way of doing the particu- 
lar job under inspection. 

Now, as a pattern is only a "means toward an end," 
which end is not always in the foundry, although a good 
many patterns are here brought to an early and untimely 
end, we should not consider the pattern of more importance 
than the end for which the pattei^n is made. This is 
sometimes the case with those who think that the moulder 
is simply a machine which, if supplied with any kind of a 
paltcm, is bound to turn out a good casting. Moulders 
have some ideas in regard to moulding patterns which the 
patternmaker should respect; and if he would try to con- 
struct the pattern so that it would mould according to the 
moulder's ideas of right, I think that all hands would be 
better pleased with the result. The great idea is to get a 
nice casting, and where the patternmaker and moulder 
work in harmony this is usually accomplished. 
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HOW SOME FOLKS MAKE PATTERNS. 21 

The patternmaker certainly has the right to criticise his 
own work, and perhaps the work of any of his fellow- 
aaftsmen; but let his criticisms stick to hard facts, and 
not be based on prejudice, as I am afraid is apt to be the 
case. I have noticed, and so have you, I presmne, that 
when some outside pattern has found its way to our shop, 
how many faults we seem to see in it. Perhaps the whole 
gang will get after it in this style : There is a pattern which 
Overtheway & Co. have made, and it has been sent to our 
shop to mould, and has found its way to the patternmaker. 
If it is a new pattern, any of the help can see that it is a 
stranger as soon as they set eyes on it; then see how it 
will be criticised. Perhaps away down in our minds we 
can see that it is a neater-looking, better-constructed job 
than we ever made, or could make; still let us see if we 
can't find some fault in it. 

Yes, there it is — "See that short grain?" 

"How long do you suppose that will stand in the sand? 
They hadn't ought to have put in that short grain." 

There was really no way to avoid the short grain in this 
case, perhaps, but that makes no difference; we set out to 
find some weak spot in this pattern, and we are bound to 
do it, and as long as no one has the courage to speak for 
Overtheway & Co., their reputation as first-class workmen 
will suffer in the judgment, or, more correctly, in the con- 
versation, of present company. 

"Here's another thing — a, 2** core print that just fits the 
box." 

"We always make the print a little larger because you 
know the core will swell a little in baking — at least, that 10'' 
cylinder pattern I made, I left the core print a little full, and 
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..*c .^f course a 2" print 



:s size." 



.V ;: your small work ever 

-. >. right spot. The core 

,. '-'.ii: and perhaps it will 

,: have always laid the 

. ..:•: ^ when by a little experi- 

.. •.: :'.ut a 2" core would, if 

>. :. :.io box after baking, and 

•. >• c s^ the box would be ]ust 

> V , -irv bound to condemn this 

..>i i little three-cornered piece 

-. . -. ^v* ?ut leaves two in its place 

. iv- .*: rhe present company) can 

V . . >;. "v hat is a fillet good for if it 

...s ^ * ' As for me, I would rather 

V .vr'/.er, put in neatly (as in the 

^.v v.\!\o of the fillets that pretend to 

V •.'.• .N loss, but are really no nearer 

\ m:*. £ho present specimen. 

> i v'-IIot used for? 

. .>. :\< or to prevent shrinkage in a 

;..» '.ho casting, or look bad, and it 

UHilder happy, if you think he 
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v\'V\ :ho present specimen fill all of 

* '^0 V is really only one fault about it. 

, 'v-o. V',:: see how much easier it can be 

\i * -i •.Vi:i:lar fillet — no feather-edges to 
'v. . '.^ ♦.:*. place there will be no feather- 
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edges to roll up. In short, it is really better, so far as 
durability goes, and just as good in e\'ery other particular, 
except perhaps in regard to looks, and this, very likely, is 
only a cultivated taste like smoking, for instance. I pre- 
sume that the casting will be just as strong as though the 
fillets were all perfect arcs. 

"And now here is one more thing. See this chalk- 
mark, '2off'? That means two castings wanted from this 
pattern. See how cheaply we have sold ourselves? Here 
is a pattern that we haven't been able to find any really 
serious fault in, even though our criticism was founded 
on prejudice, and was all on the supposition that this pat- 
tern was intended for a first-ciass job, and here is the proof 
that it was intended for two castings only. We shall have 
more respect for Overtheway's work after this." 

Now, be honest, and own up that this criticism, or 
rather this fault-finding, we have been indulging in, was 
nothing but prejudice. This is very apt to be the case 
with all criticism. We condemn others' ways of doing 
work only because they are different from our own, when 
in many cases our way is the one that would be condemned 
by a fair judge. 

If you wish to be at the head of your trade, strive to 
adopt all of the best ideas. If your own work won't bear 
comparison with Overtheway's, why, condemn your own 
and try to improve on theu" ways. 

If you arc so short-sighted as to stick to your own way 
after you have found that it isn't the best way, or are so 
bigoted that you can't see any faults in your own work and 
be willing to acknowledge them, I am pretty sure that you 
will be left far behind in the race. 




An old patternmaker gives a method of obtaining the 
Weight ol irregular-shaped castings by immersing the pat- 
ttfin ill wuler, measuring the displaced volume of water, 
atid multiplying the result, in cubic inches, by .26, the 
w«ij{hl in iwunds of one cu. in. of iron. 

Am'»thet thinks that it would be simpler to weigh the 
dU^ilivcvd wtttrr, or, belter yet, to weigh the pattern itself. 
Hut tt* ihc material of which the pattern is made varies so 
mm,h in wtfishl, Xhc result would be very uncertain. Still, 
ftk Xhv weight of water is practically constant, by weighing 
(h(^ dUltlltftxl WAtcr he would probably obtain the desired 
Mtil ttii HCi'uralely as by the measurement of displaced 
WAttMTi lii\d inoT« especially as an error in measurement 
vrttuKl, ti\ thf final result, become 7.21 times greaterthan 
tui wnvc in welKhl. 

I ith^iiild ttumidcr that both gentlemen were advocating 
VWV Iwtl i>VBClia' when they suggest immersing wooden 
^tAlUTiiM in water, ami would advise weighing the pattern, 
M ihv \v*\\\i \w\i\i\, in cither of the three methods, be oidy 
m *i>(n>rtiiiiiilion. The difficulty arising from the vary- 
|il|| wt't^lit i«r Wtxxl could be lessened by cutting a small 
VVllilvtll UUwk tnnvt the same plank used to make pattern; 
llil» \4vsi? ti> wntdin 3.85 cubic inches. Then the weight 
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SOME METHODS. 25 

of pattern divided by the weight of this block gives the 
weight in pounds for a solid casting from the pattern. 

I find many mechanics using the sense of feeling in mak- 
ing fine measiurements, the articles employed being usually 
a steel scale and a scriber or the point of a knife. In using 
a pair of dividers, their setting may be tested by placing 
one point in a line on the scale, using it as a centre, the 
dividers being held nearly parallel with the flat side of 
scale, the legs of the tool as nearly parallel with the lines 
as possible; then if the other leg is slowly brought down 
to the required line, the spring, or lack of spring, noted by 
the sense of feeling, as the other point enters the required 
line, will show whether they are correctly adjusted. There 
are some things that we can see better with our fingers than 
with our eyes. 

About scales, when the drawing comes into the pattern 
shop marked "Use dimensions only," and drawn to any 
scale whatever, there are usually many points which will 
have to be scaled by the patternmaker, and if the scale 
of the drawing is such as can be measured by the ordinary 
sted rule it saves much arithmetic and — talk. 

Imagine the patternmaker getting a drawing marked 
"fiN. = I In." and then having to figure out all of his 
measurements to this scale. The fact that this scale 
made the drawing fit the standard size sheet doesn't 
seem to me of enough importance to warrant the risk of 
condenming the patternmaker to everlasting punishment 
by its use. 

An old friend of mine was in the habit of classing the 
graduates of our technical schools, or such of them as were 
privileged to add M.E. to the name given them by their 
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parents, as "pyrotechnic" engineers, and I sometimes 
think that his title wasn't so far oflF after all, for the " pyro- 
technic" engineer might be expected to produce, as he 
sometimes does, "pyrotechnics," as witness the language 
of the patternmaker in the case cited. 

The patternmaker, if he is so inclined, may, by consul- 
tation with the draughtsman or with the designer, assist 
in eliminating some faults of construction as regards the 
pattern or the casting; and no fair minded, conscientious 
draughtsman will take offense at honest criticism of this 
kind. 
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PATTERNMAKERS. 



Patternhakbrs may be considered as toolmakers for 
thefoundry, and as the so-called toolmaker needs to under- 
stand the machinist's art in all of its details, so the pattern- 
maker, to be of any real use, must understand the moulder's- 
trade, in order to make the special tools or patterns with- 
out which no castings could be produced. He should not 
only be competent to produce patterns for staple goods, 
but must continually be making new articles, or old ones 
in a new form. ' 

To this end he must be able to read mechanical draw- 
ings, and he is, in fact, constantly expected to read so- 
caUed drawings which are far from being mechanical and 
which, like Johnny's picture of the cow, would be un- 
recognizable without the title, which title is perhaps the 
only clew to the meaning of the drawing. 

Behold, now, the patternmaker in the r61e of Sherlock 

Holmes ; the draughtsman (?) may have as crude an idea of 

the article delineated as the boy had of the horse, which he 

described as an animal with a tail and four legs, one at each 

comer; still, if S. H. is in any sense worthy of the name of 

patterrmiaker, he will be able to follow the " clew" through 

the drawing, and point out the tail, and each of the four 

legs, and then to join them all together in a more or less 

complete and artistic whole. 

27 
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Speaking of drawings, I am reminded of an old acquaint- 
ance who coissented to give a young friend instructions in 
mechanical drawing, and did so, the complete course in 
one lesson, by instructing the pupil in the following words: 
"Make all the lines you can see, full lines, and those which 
you can't see, broken lines. That's all there is to it." 

After absorbing all of the information given by the draw- 
ing, the patternmaker usually makes a full-size lay-out of 
the piece to be made. He must now study the shape of 
the piece, and plan to so construct his pattern that the re- 
sulting piece of work will be strong and serviceable, and 
enough like the drawing that it will not, like Johnny's cow, 
require to have the name printed on in order that it may 
be recognized by its creator — the pattern, not the cow. 

This faculty of being able to see things before they exist — 
and, by the way, this is different from the faculty for see- 
ing imaginary things, which may be acquired by frequent 
internal applications of the contents of the alcohol jug — 
this faculty is, I say, one of the necessary qualifications of 
a good patternmaker. 

Without this skill, or foresight, the pattern becomes a 
freak job, and the only way to save it from the scrap-pile 
is to make up the bad spots with beeswax and give it a 
heavy coat of black varnish. 




PART SECOND. 



MATERIALS AND TOOLS. 



CHAPTER I. 



LUMBER. 



For the general line of pattern work there is probably 
no better material to be found than white pine. White 
pine is light, easily worked, takes glue and varnish nicely, 
and is fairly durable. As there are many patterns made 
for present use only, these points cannot be overlooked, 
else the labor cost gets too high. 

When I say that white pine is easily worked, I mean that 
it not only offers little resistance to cutting tools, but that 
it is not "hard on tools." A nicely seasoned piece of old 
timber can be sliced oflf by a sharp chisel or gouge with a 
facility only to be equalled in cutting whitewood timber. 
The tool, when cutting pine, does not dull very quickly, 
which makes it a pleasure to work this timber. 

Whitewood has the serious objection of being too suscep- 
tible to atmospheric changes. It also seems to be always 
shrinking; in short, one of the earlier settlers in Ohio 
said that there was a great deal of whitewood timber in 
that country; he himself had cut a tree which squared 24^^ 
for twenty feet in length. This log he had sawed into 
planks and used for a floor in a 20 x 30 building. It took 
just fifteen planks to cover the floor, "but the plaguey stuff 
shrunk so fast that I had to put in one new plank each year, 
and m fifteen years I had an entire new floor." 
Shrinkage and swelling of timber is caused by atmos- 
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pheric changes; temperature and moisture, or lack of 
moistiure, both having some effect. Increase of tempera- 
ture, without a corresponding increase of humidity, will 
always cause shrinkage, while an increase of moisture 
invariably causes an increase in the size of the piece of 
timber under consideration, the expansion being greatest 
in a radial direction — this radial direction referring to 
the position of the plank in the log, which can be easily 
determined by examination of the cross section. As all 
timber grows in concentric layers, it is evident that a radial 
line (of the tree) must always be at right angles with these 
layers. 

Again, as all timber is porous, and as these pores, or 
pipes, run lengthwise of the log, and in the green, living 
tree are filled with liquid, the evaporation of which seasons 
or dries the timber, causing at the same time shrinkage, it 
is evident that the fluid near the ends of the log will evapo- 
rate fastest, and thus the ends will season, or shrink, first, 
the shrinkage strain often causing timber, both logs and 
planks, to crack at the ends. 

Moral: Don't put green or water-soaked lumber in the 
drying-room. 

Temperature, and perhaps moisture, causes a change in 
the length of timber; higher temperature causing expan- 
sion, which is partly offset by the changes due to increased 
evaporation of the contained moisture. In the case of 
"cross-grained" timber, it is evident that the same condi- 
tions which affect the width of a board will, in a lesser 
degree, affect its length. 

This question of shrinkage — or, more correctly, the neg- 
lect of it — ^has ruined many an otherwise good job. At 
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its best, wood is very sensitive to moisture and should not 
be exposed to its influence. 

In mahogany we have a timber which, havmg a hard, 
dense surface, is invaluable for small, fragile patterns or 
for patterns which are in constant use. It is more difficult 
to work than pine, and doesn't take varnish and glue so 
readily, but it will stand lots of abuse. 

In selecting mahogany for patterns, use only the straight- 
grained timber. Mexican or Cuba wood is best, what is 
known as baywood being but littie, if any, better than pine. 

Mahogany, being very close-grained, is not so susceptible 
to atmospheric changes as pine. This statement is per- 
haps imnecessary, as any close-grained timber is proof 
against sUght chaiiges in temperature and humidity; be- 
cause the term "close-grained" means small pores, and 
we all know that it is hard to force moisture through small 
holes, with only the slight variations in pressure caused 
by atmospheric changes. Therefore, let us use some kind 
of close-grained timber for such patterns as are expected 
to bear hard usage. And for the same reason that the old 
farmer "didn't care what color the new school-house was 
painted, so long as it was red," let us use mahogany; you 
can't find any better (color) timber. 

Cherry has proved itself of value in making durable pat- 
terns; in fact, many (otherwise) good patternmakers prefer 
it to mahogany, and it is cheaper. It is hard, but not so 
nearly immime to the influence of temperature and humid- 
ity as mahogany. 

On the whole, cherry is very good pattern material, 
the item of price, with its other good points, making it a 
strong rival of mahogany. One very important point in 
3 
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cheiry is this: Don't use young timber or you will suffer 
remorse. 

Maple and birch arc both growing in favor, especially 
for lathe work. They take a good, smooth finish, and if 
kept well varnished will make a good fight against the ills 
to which all patterns are subjected. 

Until we patternmakers are able to get some material 
which is less sensitive to atmospheric changes than wood, 
we must go on making patterns which strive to become 
barometers; and we must endeavor to overcome this 
"hereditary" tendency by the exercise of such Judgment 
as we may be endowed with and be permitted (if it don't 
cost the "old man" too much) to use. 



Jk. -1 




Patternmaeees use varnish to fill the pores of wood 
patterns and thus make them more or less impervious to 
moisture. Any old varnish will do this, but when it is 
also expected that the varnish will give a smooth, hard 
surface, we must be careful in the selection of our varnish. 
Another vital point is that it must dry quickly. Thus our 
choice is narrowed down until, in place of being able to use 
any varnish, we are really restricted to the one kind — 
sheEac varnish. 

There have been placed on the market many substitutes 
for shellac varnish, most of them " just as good," and some 
of them a great deal better, the advertisements say, than 
shellac. This alleged improvement is usually in the price 
alone, and the lower the price the greater the improvement, 
as the agent (who knows) will tell you. When you can buy 
shellac varnish for less than the price of grain alcohol, you 
may be sure of getting your money's worth — in quantity, if 
not in quahty. 

There is nothing to be had quite as good as shellac cut 
with grain alcohol, I have tried nearly everything that 
has been put on the market for the last twenty years, and 
have gone back to the real gum and grain alcohol, mixing 
il myself, and getting results that are entirely satisfactory. 
Use a glass, or glazed earthenware jar, to prepare the 



36 PATTERNMAKING. 

shellac. Put in the required amount of gum, and pour in 
sufficient grain alcohol to cover the gum, and you will find 
that the resulting mixture will be about right for general 
use — a little too heavy for fine, hght work, which is easily 
corrected by the addition of a little more alcohol, and 
heavy enough for large surfaces. 

Shellac varnish should be fresh and always kept in a 
glazed vessel. Don't use oxalic acid to clear a pot of old 
varnish, so old that it won't dry hard. You had better 
empty your can into the garbage barrel and fill up with 
vamish so fresh that it will not need the oxalic acid to 
make a respectable-looking job. In short, you can add 
nothing to the varnish, made as above, which will im- 
prove it. 

The advantage in price induces many firms to use some 
one of the many grades of wood alcohol now to be had, and 
ako the prices and quality are so graded that almost every- 
body can satisfy the patternmaker, the moulder, and their 
own conscience, if they don't expect too much for their 
money and have gotten the patternmakers and moulders 
thoroughly subdued. The saving in price will make a 
good showing on the books of the purchasing agent, but 
will cause the moulder's hair to turn gray, and make the 
patternmaker wish that he had been bom Depfeller, with 
a RockbOt conscience. 

There are many patterns made for a single casting only 
for which some of the cheaper varnishes are, perhaps, good 
enough; still, the apparent sa\'ing in price is always re- 
duced by the extra labor cost of applying and rubbing 
down. This increased labor cost will follow the pattern 
all through its usefulness; moulders will shun its society, 
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and, if the varnish is mixed with wood alcohol, the pattern- 
maker will suffer, for it is well known that all wood pattern- 
makers subsist almost entirely upon the alcohol furnished 
by the firm to dilute the varnish, and they dare not drink 
pyroxylic spirit. 

While the shellac varnish in its natural color gives the 
best of results, it is sometimes thought advisable to color 
it Black, the most common color, is produced by the 
addition of lampblack; red is best made by the use of 
Chinese vermilion, and blue of an indifferent quality 
may be produced with Prussian blue. It is imnecessary 
to state that all of the coloring matter used should be dry 
and very finely pulverized. 

In mixing colored varnish, add the coloring matter to a 
small quantity of varnish and mix thoroughly to a smooth 
paste, then add varnish, and alcohol if necessary, until the 
mixture is of the consistency necessary to spread and cover 
nicely. It requires some experience to produce both color 
and gloss, which are always the ocular proof of a good 
surface. 

In spreading shellac varnish, don't think that you can 
produce a good surface on a rough pattern by covering it 
with two or three coats of varnish. You will find that the 
varnish makes the unevenness of the original surface more 
and more apparent, and that the only way to produce that 
flat, glossy surface dear to the heart of every real pat- 
ternmaker is to first make the surface of the pattern flat, 
and then produce the gloss by the judicious use of the shel- 
lac, alternating with light doses of sandpaper. 

In the case of hollow patterns and core-boxes, it is a 
good plan to cover the entire surface, both inside and out- 
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skjk^ with sheUac. If there is time, the inside of pattern 
iiuU the outside of core^bos mi^t have one or two coats 
U gvod oil paint> which will wear longer than shellac^ but, 
uiUortunatt^> does not dry quickly; neither will it pro- 
U\ACV the {{lo^y surface given by shellac 



CHAPTER m. 



MISCELLANEOUS BIATERIALS. 



Having considered the two principal elements of all 
patterns— lumber and varnish — let us turn our attention 
to the other necessary materials. Of these, glue is probably 
the most important. There are many kinds of good glue 
in the market suitable for pattern work. For a large shop, 
employing many patternmakers, where there is likely to 
be some one specially appointed to the preparation and 
care of all of the glue pots, any form of glue, of good quaUty, 
will probably give satisfaction, as the personal responsibil- 
ity of the glue-maker will eliminate the two most common 
defects: burned glue, and sour, or rotten, glue. 

For the small shop, or the shop which uses but little 
glue, I would recommend the pulverized form, because it 
can be very quickly prepared for use, thus making it possi- 
ble to always have sweet, strong glue ready for any job. 

DonH put anything on the joints that wiU prevent the 
glue from soaking into the pores of the wood. 

If you wish to make joints that will hold strongly, they 
should be nicely fitted; don't expect glue to hold two 
pieces together unless they are actually in contact. While 
it is possible to fill up large cavities between the pieces to 
be joined (if you have enough glue), when the glue dries it 
will ether distort the pattern by drawing the parts closer 
together, or, failing to do this, will give way through the 
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cavity which was filled with liquid glue, leaving the joints 
disconnected except at such points as were actually in con- 
tact before the glue was applied. 

As to the consistency of glue when applied, I would re- 
mind you that the holding property depends entirely upon 
the ability of the glue to enter the pores of the wood, or 
other material. Thus glue mixed very thick, which might 
take a very strong hold on material with large pores, like 
white pine, would be almost useless for wood having a dense 
surface, like mahogany or cherry, as the glue would " chill " 
before "taking hold," which means that it would not be 
absorbed into the pores of the wood. This can be partly 
remedied by heat, as the heat liquefies the glue, giving more 
time for absorption. 

After absorption, the strength of the joint depends upon 
the quality of the glue, not upon the quantity used; for 
while it is best to use plenty of glue, it will readOy be seen 
that when the joint is forced together, bringing the sur- 
faces actually into contact, there can be left only such an 
amount as has entered into the pores of the wood. 

Beeswax is another very necessary material in pattern 
work, as it has quahties which render it almost indispensa- 
ble. It is very easily worked and hardens almost imme- 
diately. It may be used in the pure state and worked cold, 
although it had better be worked hot, or at least warm. 
If it is thought desirable to have a harder material, melt 
beeswax and resin together, adding a little beef tallow to 
prevent the mixture from sticking to the slicking tools. 

Beeswax which has been adulterated with tallow or 
parafGn wax is poor stuff for pattern work, as it does not 
adhere to the wood readily. 
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A mixture of beeswax and tallow is sometimes applied 
to the surface of iron patterns, the patterns being first made 
hot enough to melt the mixture; but as iron has a surface 
which, if kept dean and free from rust, is good enough for 
patterns, I have foimd that bayberry tallow alone, applied 
to a hot pattern, answers the purpose just as well, and is 
much easier to use. 

Painter's putty is often used to fill nail holes and for 
fillets. If given sufficient time to dry thoroughly it adheres 
strongly to both wood and metal, and were it not for the 
time required it would easily force beeswax entirely out of 
use on wood patterns. 

Parafi&n wax has always been used for finishing metal 
patterns and core boxes. As it stands the application of 
water I use it alone for core-boxes, which require frequent 
washings. It is essential that the boxes, after being 
treated with the paraflSn, should be thoroughly wiped out, 
else a gummy substance is left upon the surface which will 
cause the core-maker to use language and lose time and 
temper. 

Paraffin is also used to treat wood which is to be used 
in moimting patterns for, or on, moulding-machines. The 
wood, after treatment, being impervious to moisture, 
makes what is otherwise an almost impossible material 
very useful for this purpose. 

A sheet-iron tank large enough entirely to immerse the 
pieces to be treated, and containing a steam coil to melt 
the wax and keep the temperature as high as is possible 
without danger of firing the wax, will be necessary for the 
process. White pine will require from ten to twenty-four 
hours to become thoroughly impregnated, which condition 
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may be known by the sinking of the piece in the liquid wax. 
Pine absorbs from forty to sixty per cent of its own weight 
of paratlin. 

Sandpaper, used intelligently, is a very necessary tool (?) 
to the patternmaker. If used before edged tools, it is 
rather a hindrance than a help. It requires quite a little 
care and some skill in using this tool to produce good 
results, said good results being improvement of surface 
while preserving the necessary angles and high places on 
the pattern. 

In some cases this final improvement, or grading, of the 
surface is delayed until one or two coats of varnish have 
been applied. This method, while it gives the pattern a 
piebald appearance, which some might think an improve- 
ment, never increases its usefulness. 

After varnishing, don't sandpaper until the varnish has 
thoroughly dried, and then only enough to cut off the 
raised "grain" of the wood. After the first coat of varnish 
and rubbing down, use no new, sharp sandpaper. (This 
is the only time and place where a dull tool is better than 
a sharp one.) If you have no partly-used-up sandpaper, 
dull some by rubbing two pieces together and then putting 
a few drops of oil on its surface or giving it a rub over 
your lump of wax. 




THE BZNCB AND US ATTACHMENTS. 

The bench is a very important part of the pattern-shop i 

equipment, as there must always be some bench work in 
making wood patterns. The size, style, and position of 
the bench must be in accordance with the character of the 
work to be done. 

The length, for nearly all classes of work, may be limited I 
to eight feet, especially if the patternmaker has free access j 
)th ends of his bench without interfering with his [ 



: height cannot be arbitrarily fixed, as each man can J 
l!)est determine his individual needs in this respect, and, 1 
within hmits, he should always be allowed to do this. 

The width of top surface should be from 28" to 32"; 
great width is a common mistake, and while it furnishes i 
storage room for nails, screws, and various other small ' 
accessories, it is always a mistake. The bench surface i; 
liot profitably used for storage purposes, and the presence 
rf unnecessary articles gives an untidy appearance which 
it is well to avoid. 

This too prevalent accumulation of unnecessary articles, 
such as bits of wood, broken packages of screws and nails, 
discarded parts of patterns, and many other things which 
are often entirely useless even to the one who has so care- 
.^1 
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fully hoarded them, favors the accumulation of the pattern- 
maker's enemy, dust. 

We patternmakers are, perhaps, more prone to the 
hoarding habit than other tradesmen, as is witnessed by 
the joy with which we hail the coming of the new hand 
with his large, fat tool-chest, which promises many new 
and curious tools, often more curious than useful. The 
fortunate (?) possessor of a large collection of "curios" 
is constantly finding new things in his collection — new be- 
cause he had forgotten their presence, which fact will show 
how very useful he has found them. 

I am pleased to note the trend toward smaller and more 
compact tool-chests or closets. There being no room for 
articles which are curious only, they are not present to 
occupy valuable space, accumulate dirt, and create untidy 

.bits. 

The front of top surface of bench should be from two 
to three inches thick and about sixteen inches wide, and 
this front plank should be somewhat higher than the re- 
maining surface in order that it may be surfaced off as 
often as may be found necessary to preserve the flat, true 
surface so essential for many portions of the work. 

To many patternmakers drawers under the bench are 
useful, and help not only the progress of the work by offer- 
ing a convenient and accessible storage for such articles as 
wax, nails, sandpaper, and other necessary materials, but 
they also protect these articles from dust (if they are kept 
closed), and thus tend toward general tidiness. 

There is a class of patternmakers to whom drawer space 
means only a place for the reception of such articles as they 
have no further use for; and for these men they usually 
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contain a collection of broken and wom-out took, dirty 
and disrardfd ^Kons, spoOed parts of patterns, and occa- 
sionaDy' an artide of some Tahie whidi has been mislaid. 

The bench should be prorated with a good bench-hook, 
adjustable as to hei^ and capable d being forced down 
even with the surface of the bench. The holding edges 
should be kept smooth, reasonably sharp, and always at 
the extreme top. To acoxiqdish this last desiraUe effect, 
the hook may be fitted with its top inclined sli^dy toward 
the upper end d bench. This leaves the rear edge, which 
is to do the holding, higgler than any other portion €l the 
tq>. 

Another very necessary part ci the pattenmiaker's bench 
is the vise. Many of the vises offered to the patternmaker 
are too small and flimsy to be of any real use. Don't be 
afraid ci a large vise, one with big, flat jaws that may be 
opaied axteen inches or more. This vise will hold small 
pieces just as surely and carefully as the small vise, but the 
small vise cannot be made to successfully hold large, heavy 
pieces. 

If the vise has a swivel jaw so much the better, as the 
same adjustment which renders the vise capable of grip- 
ping tapered pieces may be used to give the vise a firm hold 
d paralld stock or work which from its shape can only be 
entered into one end of the vise. 

A table about four feet long, two feet wide, and from 
twenty-six to thirty inches high is a very useful adjunct to 
the bench for most classes of work, affording the pattern- 
maker a convenient surface on which to assemble the parts 
of his pattern, thus keeping the bench dear for working out 
the parts. 
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And finally, but not lastly, there should be provided a 
stool for each man. This, I am sorry to say, is not always 
considered essential or even advisable. The conscientious 
workman would probably stand all day in a shop that 
didn't furnish stools, while the "soldier" would be found 
seated upon his chest, or even upon the bench itself, with- 
out, perhaps, a word of disapproval from the foreman. 
This, however, proves nothing, as all patternmakers are 
not "soldiers," nor would they be if provided with suitable 
stools. 



CHAPTER V. 



HAND TOOLS. 



Tms portion of the patternmaker's outfit is less numer- 
ous and less bulky than in the past, when a first-class 
patternmaker required one or two tool-chests about the 
size of the modem seaside cottage to hold his belongings. 
In those days the firm furnished nothing but the bare 
materials (sometimes very little of them), and no machine 
took; the patternmaker was even expected to furnish his 
own hand-screws, or get along without them. 

The old-fashioned hand tools, with the wooden stocks, 
are, in the modem, up-to-date shop, replaced in a great 
measure by the machine tools, with their many and ingen- 
ious attachments; and such hand tools as are still found 
necessary are principally of metal, thus doing away to a 
great extent with the wood stocks and frames, which re- 
quired a great deal of care and were, at their best, unrelia- 
ble where great accuracy and precision were called for. 

The hand tools of to-day also differ in kind, there being 
a greater demand for, and consequently a greater variety 
of, tools for measuring, laying out, and testing the various 
parts of the work; the actual removal of the surplus stock 
being accomplished by machines that are competent to 
perform, expeditiously and with accuracy, many opera- 
tions which in the past could only have been intrusted to, 
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or attempted by, the most skilful of workmen, and at the 
expense of much time and individual energy. 

The caring for bench-planes to-day, with their accurate 
metal stocks and thin steel cutters, requires but a fraction 
of the time formerly used in keeping the old-style wooden- 
stock plane, with its heavy steel-faced "iron," in good 
condition. 

The patternmaker of to-day may procure, at small cost, 
cutting tools of a quality formerly unobtainable, or, at best, 
only to be obtained at a price which was far beyond the 
means of the average workman. 

The skill of some men in the use of edged tools seems, 
to such of us as always find difficulty in making these tools 
do efficient work, to be an inherent quality of the individual, 
something not to be attained by mere application. This 
is largely a wrong conclusion, and it is usually found that 
the apparently greater skill of this much-envied individual 
is really the result of using sharp tools, supplemented by 
care in the selection and placing of the pieces of wood used 
in building up the pattern, which he finally cuts and carves 
into shape with such seeming ease. Sharp tools will not 
cure awkwardness, but they will always make it leas 
apparent. 

In order to have sharp tools, the first requisite is a good 
oil-stone, one that will quickly put a smooth, keen edge on 
a tool. Here, again, the condition in which this indis- 
pensable article is kept may be such as to seriously affect 
its usefulness, a poor stone, well kept, giving better results 
than a good stone in poor condition. The stone should be 
kept clean, and with its surface flat and true; then it is 
always ready to do good work, and you will probably find 
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that you hare got one of the best, if not Ike best stooe in 
existence. Well, take good care of it, and you may thus 
prolong its efficiency. 

In purchasing toob, always look for quality rather than 
quantity, as you will be able to do more and better work 
with a few really good tools than with any number of poor 
ones. Having gotten your good tools, including the oil- 
stone, take good care of them, and don't be afraid to put 
them to work. Tools that are too good to use for ordinary, 
everyday work should find no place in the pattenmiaker's 
"kit"; and even good tools can usually be replaced by bet- 
ter ones, so don't be afraid that too much personal effort 
on your part is going to cause a scarcity of good tools. 

If you H-ish to become the fortunate possessor of a really 
good " kit," buy only according to your needs, not in " sets," 
per some toolmaker's catalogue. These "sets" are made 
up of two classes of units, the useful and the ornamental. 
While useful tools may also be ornamental, it is the useful 
quahty which "pays the rent" of the owner. 

When you say that an edge-tool is "sharp," you mean 
that it has an edge {sec Webster's Unabridged) of such 
thickness, or thinness, as will most readily cut the material 
being worked. Thus the condition called "sharp" is a 
relative condition of thickness or angle, fixed by the quality 
of the tool, the material to be worked or cut, and the oil- 
stone. A tool ground at such an angle as has been found 
best for cutting steel would be of little use in working pine; 
and while the tool which cuts pine smoothly might be of 
such a quality of steel as would cut metal, the thin edge 
which makes the tool most efficient for pine would soon 
be destroyed by the metal. 
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I shall attempt to give no rules for grinding edge-tools, 
as the proper or most efficient angle can only be fixed by 
the material to be worked and the quality of the tool. An 
edge which cuts pine with ease and persistency may be 
quickly destroyed if the tool is applied to some harder 
wood, such as mahogany or cherry. This destruction is 
caused by the breaking or crumbling of the edge, the 
greater resistance of the mahogany causing the edge to 
spring and break off. After one or two applications to 
the oil-stone this tendency is corrected, and we say that 
we have now got the tool "down to an edge," or that "the 
edge stands up" now. What really happens is a thicken- 
ing of the edge, caused by application to the oil-stone. 

Continued rubbing on the oil-stone makes the edge so 
thick that we are, at times, obliged to resort to the grinder, 
or perhaps you still cling to the old grindstone, which has 
been, and still is, a real help to the wood- worker, but is not 
an indispensable tool, as the wtt tool-grinder more than 
fills its place. 




CHAPTER VI. 



BENCH WORK. 



Bench work, or the use of hand tools in reducing pat- 
tern stock to finished patterns, is to-day largely a question 
of facilities. The shop which is obliged to do, or allows 
to be done, too much of this sort of hand work, will find 
itself handicapped by the cost of its pattern work. Still 
there must always be some of this kind of work. 

In the old days, when the patternmaker was expected 
to do the whole job, except, possibly, the actual chopping 
down of the tree, with his own hands, assisted only by the 
tools he had been able to acquire personally, bench work 
was the beginning and the end and all the way between — 
m fact, pattern work was all bench work. 

To-day, with the bulk of the work accomplished by the 
machine tools, bench work has come to consist principally 
of laying out the different pieces required in building up a 
job, and, later on, of assembling the same into the finished 
pattern. This is duly attested by the decreasing nimiber 
of cutting tools for hand use, and the greater number of 
measuring or "laying out" tools, such as scales, squares, 
bevels, angles, dividers, calipers, and the like. Note also 
the improvement in these tools both as regards their ac- 
airacy and their convenient forms. 

The shooting-board has been replaced by the trimmer; 
the bench planes by the hand jointer; the h.alld-s>^?«^ \s^ 
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the circular saw, and the whip-saw and draw-knife by the 
band-saw. In short, the bench work, in some of the pres- 
ent up-to-date shops, consists principally of the preparation 
and sharpening of tools and cutters for the machines. 

The tendency of the times toward specialization is seen 
in some pattern shops, where one man does all of the band- 
sawing, another the lathe work, while a third man runs the 
buzz-saw and stiU another has charge of the planers. This 
division of labor may result in making the bench-workers a 
class by themselves; when it docs, they will easQy be at the 
top of the list, as the laying out and the final assemblage of 
the parts must necessarily fall to them. 

Another very important part of bench work is the trans- 
lation of the scale drawings, usually furnished to the pat- 
ternmaker, into full, pattern-size lay-outs, showing the 
actual shape and size of the patterns required, thus enabling 
the patternmaker to cut his material to the best advantage 
and with as httle waste as possible. 

Thus bench work, or that part of it which is accomplished 
by hand cutting tools, has been reduced from the complete 
job to such parts as arc of irregular shape and thus require 
cutting and car\'ing to shape by hand. Patterrmiakers may 
come to be classed as "lathe-hands," "sawyers," and 
"bench-hands," but as most shops do not employ a suffi- 
ciently large number of patternmakers to make the em- 
ployment of these specialists profitable, there will always 
be a large percentage of good, all-round workmen. 
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CHAPTER Vn. 

MACHINE TOOLS FOR PATTERNMAEESS. 

Pattesnicaking, like the machinist's trade, is getting 
to be simply a question of a man's ability to manage the 
machines which do the actual work. A pattern shop fitted 
up with improved wood- working machines gets along with- 
out much hand work other than what may be necessary in 
puttmg the work together. It is possible to keep machine 
tools, not only the lathe, but the circular saw and the planer, 
in such shape that work may be cut right down to the line, 
although there are some things to be considered beforehand. 
By the way, why is it that the pattern shop, with all its high- 
speed machinery, is located at the top of the building? 
This is usually the case, although I know of one shop that 
is located on the groimd floor, and another that is now at 
the top of a three-story building, but used to be located 
under the foundry. 

High-speed machines need a solid foundation. A buzz 
planer running 4,500 revolutions a minute will soon show 
you if there is any spring to the floor it may stand on, es- 
pecially if the driving-belt is so laced that every time the 
lacing rims over the pulley it has the same effect as a blow 
struck on the spindle. A lacing seems like a little thing; 
but when it is fixed in a belt, and travelling at a speed as 
high as 4,500 feet in a minute, it becomes a factor which 
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must be considered if you wish to get the best results from 
the machine. 

Did you ever notice the difference between a machine 
whose driving-belt was strained up like a fiddle-string, with 
the lacing so prominent that you cOuld hear it all over the 
room every time it goes over the pulley, and a machine 
whose driving-belt was just tight enough to do the work 
well, with the lacing or fastening so made that it makes no 
noise as it passes over the pulley? The first machine will 
get hot, do poor work, and will impress any one not used 
to it with an uneasy feeling, as if something was wrong; 
while the second machine will run all day as cool as a 
cucumber; and the man running it can do more and better 
work because he knows that the machine is all right, and 
therefore he can give his whole attention to the work. 

This belt question I consider of more importance than 
is usually allowed for in practice. In many cases, the cure- 
all for a machine that is not working right is to take a little 
out of the belt. This is sometimes like giving a tired 
horse the whip when it's oats he wants; or, to make my 
meaning plainer, be sure that your horse, or machine, is in 
good running order before putting on the whip. With the 
machine in good order, and the belts properly arranged, 
they need never be tight enough to cause any trouble about 
heating the boxes, or in making the spindle they may drive 
jump so that you can hear it and feel it, and also see it on 
the work. This jumping is generally owing to the uneven- 
ncss of the surface of driving-belt; often it is caused by a 
lacing badly put in, which makes a lump on the inner sur- 
face of belt, and pounds on the pulley every time it passes 
over the latter. This we can remedy by using an endless 
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belt, or some form of lacing that will make a smooth joint 
and thus imitate an endless belt, the great virtue of which 
lies in the fact that it has no joints and, therefore, will run 
perfectly smooth. It may still be too tight and make the 
joumals get hot. This can only be cured by judgment 
and skill in the care and management of the machine. 

An excellent way of lacing a driving-belt for a high-speed 
machine is to hold the ends together and sew them with 
tough, strong wire, making the stitches as short as possible. 
This is the best thing I ever saw for a lacing in a fast-run- 
ning belt. 



CHAPTER Vm. 



THE BAND-SAW. 



A VERY useful tool in a pattern shop is a good band- 
saw. The more it is used the better it is Uked, and one is 
continually being surprised by its capabilities. It will do 
nearly everything that a circular saw can do, and a great 
many things that can't be done by a circular saw. The 
band-saw, if kept in good order, will do nice work, but if 
the guides are allowed to get worn out of shape, leaving the 
edge of saw loose, the saw so badly set and filed that each 
- and every tooth strikes in in a new place on the stuff being 
sawed, and then the hole through the table so large that 
you can stick your linger down through the table all around 
the saw, it won't be Ukely to do very nice work, and it 
wouldn't be safe to get very close to the line in sawing, be- 
cause you never would be sure of where the saw was cutting 
on the bottom side of the stuff. With a saw that is set and 
filed accurately you may safely cut right up to the line, 
when necessary, if you don't crowd the saw but allow it 
time to cut free and clean. 

In sawing short curves it is very easy to cramp the saw 
by feeding too fast or in the wrong direction. It is hard 
to give any explicit directions in regard to feeding when 
sawing curves, but let the feeding be so done that all the 
power exerted will tend to force the saw against the collar 
s6 
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or plate behind it. You shouldn't twist the stuff so that 
the saw b pressed hard against the sides of the guide, as 
this causes great friction and consequently throws a great 
strain on the saw, also heating it. If you persist in doing 
this you will brealt a great many saws, besides wearing out 
the guides very fast. The rubber covering on the wheels 
will also come in for an excessive amount of wear. 

When the saw needs setting or filing, before you take it 
off the wheels brush the dirt and gum out of the teeth. 
A file card does this first rate; then joint the saw with an 
emery stone, taking care to hold the stone square across 
the saw. Take off the saw and, if it needs setting, set it 
just as little as possible. Don't try to make a wide saw do 
the work for which you should use a narrow saw by setting 
it very wide, for it won't work nice, and it is hard on the 
wheel covering. In tiling, it is customary to file all from 
one side and square across, although the saw would cut 
better if filed partly from each side. 

After the saw is replaced on the wheels, the guides are 
adjusted to the saw, not the saw made to run in the guides, 
just as they are, because it ran so before filing; unless both 
the top and bottom guides are just right to fit and hold the 
saw. Make sure that they are just right. They should be 
exactly in line with the saw, and take in the whole width of 
saw except the teeth. Then adjust the upper wheel. This 
will usually have to be done whenever the saw is changed, 
and sometimes when a saw has been newly set. The wheel 
is usually, and I presume always, provided with means for 
tilting it over toward the front or back as may be necessary, 
so that the saw won't run off. It should run against the 
back of the guide very lightly when not doing ati^ ■wotV^ I 
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This saves the guides and also prevents any imnece^ai^ 
ht-ating of the saw. 

Now joint off both sides of the saw in this way : use an 
emery stone having a flat surface, then holding the stone 
against the side of saw touching the back edge first, and 
keeping it in contact with the back edge, swing it around 
until it touches the sides of the teeth. This method will 
prevent any possibility of cutting off the front corners of 
teeth, and therefore the saw will cut to its full width. 

The saw should run straight and true when in motion . 
and not squirm around like a snake, as I have seen some do. 
You can perhaps imagine how close to the line it would be 
advisable to get with a saw that runs back and forth side- 
ways, three or four times in each revolution. Of course 
this sidewise motion should be controlled by the guides, 
but the same saw that has the most need of the controlling 
influence of the guides doesn't get it because the guides are 
in no better shape than the saw itself. 

A saw that has been broken and mended a number of 
times is very apt to run crooked, not only on account of the 
joints, but because the soft places which the brazing of the 
joints make are very apt to get bent. When your saw gets 
broken and you wish to mend it, begin by filing down the 
ends you wish to join. Make the joint from J" to i" long, 
taking care to file the ends to a straight taper, so that the 
joint will fit closely together without springing and also be 
of the same thickness as the rest of the saw. This is im- 
portant, as you will find that if you have to spring the joint 
together when you braze it, you will spring the saw on each 
side of the joint. Then when you are ready to braze the 
joint, take care to clamp it dovra straight, and don't get more 
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tliickness of brass, silver, or whatever solder you use than 
there will be of steel after the joint is finished. Put the 
saw on the machine, adjust the guides, and try it. If the 
edge runs in a straight line, and the new joint passes the 
guide without being heard, you have done a good job, and 
you will be repaid for all your trouble by the quality d 
work turned off. ' 

If I should try to tell all that might be done by a band- 
saw I should wear out the patience of the reader, and [>er- 
haps not tell him anything new after all. The best job I 
ever heard of as being accomplished on a band-saw was the 
sawing d gear-teeth, right to the line, so that they only 
required sandpapering to complete them. I didn't see the 
gear-teeth, but I always thought they must have been fin- 
ished before the sandpaper touched them. Seriously, 
about the only thing in the line of sawing that can't be done 
on a band-saw is making holes. This is where the band- 
saw has to yield to the jig-saw, its older relative. This 
machine (the jig-saw) as in use in most shops, makes more 
noise than all the rest of the machinery together, and does 
comparatively little work. It is just the opposite with the 
band-saw, which makes very little noise but does a great 
deal of work. 

There are, of course, some exceptions to the kind of jig- 
saw noted, but even the best of them require constant care 
and a good deal of it. The saw wants filing very often, 
and why shouldn't it when you remember that about five 
inches of its length does all the work, and consequently 
gets dull very quickly. Then the guides for the crossheads 
—perhaps there are two crossheads — must be kept snug, 
and the connecting-rod or pitman mustn't be allowed to 
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get loose; and there is usually trouble in keeping I 
machine oiled, as ihe sawdust, more or less of it (generally 
more), falls directly on the crosshead and pitman, and soon 
absorbs the oil from these parts and from the guides. But 
we put up with them with all their faults, because we can't 
saw holes with a band-saw, until some genius ( ?) makes a 
band-saw with a joint in it. 

One great difficulty in the way of a smooth-running jig- 
saw is a little too much speed; they run too fast. If the 
pitman and crosshead are too heavy and are not well bal- 
anced, you can easily see what a little too much speed will 
do. Then there are jig-saws that are not provided with 
any appliance to ease the shock of reversing the motion at 
the end of stroke. The spring commonly used at the top 
to strain the saw helps the reversing at the lower end of 
Stroke, but hinders it at the upper end. Another point 
where the jig-saw has the advantage of band-saw is in the 
size of work which may be done. On the band-saw the 
size is limited to the diameter of the wheels which carry the 
saw, but with the jig-saw the only Hmit to size of stuff 
sawed is the size of the room where the saw is located, 

A good jig-saw should have its crosshead and pitman as 
light as is consistent with the necessary strength, and well 
balanced, with a good tension for saw at the top end. 
This is a sure method of holding the saw, and one that can 
be operated quickly. The pitman must not be too short; 
neither should it be too long, as this will add unnecessary 
weight to the reciprocating parts. Not less than three, or 
more than five times the length of stroke will put the length 
within reasonable limits. The tension-spring helps the 
reversing at lower end of stroke. Then if the blower for 
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removing the sawdust could be located at the top end of 
stroke; but the difficulty in the way of this is the pipe 
necessary to convey the compressed air from the blower 
to the upper surface of work. Still an air cushion might 
be utilized to keep the sawdust off the crosshead and 
guides, and it would certainly make the saw run more 
steadily. Then, to bring out the good points, and make 
them show to the best advantage, the saw should stand 
on a good foundation. 

It is not a good plan to use much oil on the saw, or the 
saw-guides, because the sawdust sticks to it, and the oil 
gets on your work, and it makes things dirty and disagree- 
able. This applies equally well to the band-saw. It is 
much better to keep the saw in such good order that it will 
need no oiling at these points. 

I recollect reading in the American Machinist about the 
influence which poor tools, dirty machines, and the poor 
work resulting therefrom, had upon the character of the 
workman. Where these things are chronic, the man's 
work will soon become, like the shop, poor and dirty, and 
who ever saw a dirty machine do a good job ? 

Take, for example, a band-saw that hasn't had the oil 
and dirt wiped off in six months, and this, too, where it 
has been the rule to oil the saw and saw-guide as often as 
any one thought necessary. The oil will collect all the 
sawdust that will stick to it; the more oil, the more saw- 
dust. The saw itself I should expect to find in keeping 
with the machine, every tooth set to a different width, and 
filed to a length of its own. This saw won't do good work, 
and the man who has the care of it won't be apt to lose 
much sleep on this account. 
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IE CmCOLAR SAW. 



T THINK that the circular saw will rank first among 
machine tools for the patternmaker. A great variety of 
work may be done with a sharp saw that is mounted on a 
good table. 

In using a circular saw, the first thing to attend to, after 
we know that the belts are all right, is to see that the saw 
itself is in good order. Now, I am not going to give any 
rules for sharpening saws, but will just say what has been 
my experience. It would, in fact, be rather difficult to 
make any fixed rule in regard to setting and fiUng saws 
without first knowing just what they were to be used 
for. 

For pattern work, a saw needs to be kept sharp, jointed 
true, but as the lumber is dry and soft it won't need much 
setting. A saw may fill these two first conditions and still 
not do a good Job, because of the way in which the saw has 
been set and filed. It may have been set unevenly, or 
when the teeth were not all of a length. The saw should be 
jointed before removing from the arbor. 

If you use any kind of a set that slips over the teeth until 
a gauge touches the point of tooth, you can see the object 
of jointing the saw before setting. It isn't necessary to 
set the saw every time we file it, and for this reason we 
should be particular, when it is necessary, to set the teeth 
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all jxist alike, and as the point of the tooth is usually the 
guide in setting the saw, it is evident that the points should 
all be at the same distance from the centre of arbor. This 
is accomplished by jointing the saw while it is running in 
position. 

As to the filing, I have found that a splitting saw, if filed 
as near square across the saw as possible, gives the best 
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results. It cuts more freely, leaves the stuff smoother, and 
will keep sharp as long as a saw which is filed at an angle 
or fieaming. 

If you believe in filing the teeth at an angle with the axis 
of saw, let me show you something which perhaps you have 
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already noticed and can explain to your own satisfaction. 
After you have sharpened your saw take a piece of lumber 
and try it. After cutting in a little way, stop and see the 
shape of the end of kerf. The points of the teeth have cut 
ahead and left the wood in the middle of kerf projecting 
back toward the saw. What cuts away the wood that 
forms this point ? It must of course be removed by what- 
ever edge the tooth may have crosswise of the saw. 

With the saw filed as in Fig. 2 (which also shows the 
point of wood left at the end of kerf), there cannot be a 
very thin edge, and consequently it won't be an edge that 
will cut wood; and as it will require some crowding to 
make it tear or bruise off the wood, won't the crowding 
tend to force the points of the teeth away from the centre 
of the cut, making the saw cut a wider kerf than it should, 
and checking the speed until it runs slowly enough for each 
tooth to be heard as it enters and leaves the wood ? Then 
the saw will rattle, until it has cleared for itself a little wider 
channel. At the same time you will stop crowding the 
piece of stuff, and the saw will have a chance to regain its 
speed, when it will run on again for a httle space, the dis- 
tance or time between two of these spells being governed 
by the kind of lumber, keermess of the saw, and the 
amount of force used in pushing the stuff up to the saw. 

Is this the way you have explained it to yourself? I 
claim that the cutting edge of the teeth on a splitting saw 
should be as nearly as possible at right angles with the 
grain of the wood operated upon. This is accomplished 
by filing the saw square across, both the front and top of 
tooth, as in Fig. i, which leaves every looth with an edge 
or point like the edge of a chisel. What sort of progress 
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would a man make in beating mortices with a mallet and 
chisd if he continually left the ends or heads in the shape 
of the end of kerf in Fig. 2 ? Doesn't he get along best 
when he places the edge of his chisel square across the 
gram? Of course he does, and so will a splitting saw cut 
the best when the teeth cut like chisels and strike the wood 
square across the grain. 

For a cross-cut saw the points of the teeth should re- 
semble the point of a knife, so as to cut off the wood at 
eadi side of the "kerf." The centre of the kerf will take 
care of itself now. 

You will find that a splitting saw filed square across, in 
going through a piece of stuff cuts away the wood in the 
fonn of shavings, not sawdust, and it will also require less 
crowding and will cut cleaner and smoother. In short, it 
is the right way to file a splitting saw. But I am afraid 
that I have set down a rule, and a very arbitrary rule, for 
filmg splitting saws. Well, try it, and see for yourself. 

Don't let yoiu: saw get worn off on the sides of teeth, 
because then it won't cut, but will bruise or tear the wood. 
A saw which cuts nothing but dry pine won't get this way, 
and a saw which is kept sharp won't, either. 

I have seen a saw-table, made of seven-eighths matched 
spruce, with the hole where the saw came through so large 
that it wouldn't be safe to saw anything less than a foot 
square, for fear that it would fall through the hole, but this 
wasn't a table for nice work, as any one could see. I 
remember another saw-table, also made of wood, where 
I sawed some curly maple veneers 6Y wide and only yjs" 
thick, with an ordinary 16" or iS'^ saw, and they didn't go 
down through the table either. This saw, which I am pretty 
5 
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sure was filed square across, was located in Colt's armory 
pattern shop, at Hartford, Conn., and with other saws for 
the same table, were the best cutting saws I ever used. 

The iron saw-table of to-day is a marvel of convenience, 
compactness, and durability, and with the diCerent attach- 
ments will do a great variety of work, and do it nicely. 

Did you ever have any trouble in setting the fence or 
guide on an old-fashioned (and some new-fashioned) saw- 
table to saw to an exact width ? After measuring closely 
the distance between saw and fence, you turn down the 
clamp-screw and move the fence forward or back a little. 
Try it again and this time hold on to the fence. There, 
now, it is all right, sure you have got it clamped tight. 
You try it and find that it isn't tight, and give the screw 
another turn, with the same result as in the first trial. By 
this time you are getting tired, and long for a chance to 
get even with that fence. Then you took a hammer, and 
tried, by rapping it lightly, to correct the error, but it didn't 
move readily, and you got excited over it; perhaps you 
broke something. 

How much better the fence on the iron table works, 
especially those having a quick and slow motion. Make 
a gauge line on a piece of stuff just where you want the 
inside of saw to cut. Set the fence by the quick motion 
nearly to this line, start the saw, and by the slow motion 
move the fence up until the saw splits the line. Your suc- 
cess will now depend upon the steadiness with which the 
saw runs and your skill in feeding the stuff up to the 
saw. 

Another bad feature about a wooden table is the wear. 
The fence gets rounding and out of square, the table 
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wears down into a hollow, which is lowest just in front 
of saw, and the hole where the saw comes through the 
table will wear off on 
each side of the saw, 
especially the top cor- 
ner. This leaves it in 
a bad state for doing any 
small work. To offset 
this, the iron table is a 
httle apt to be sticky 
like an iron plane, and 
does not keep as dean 
as a good hardwood 
table. 

Fig, 3 will illustrate 
two ways of roughing 
out small core-boxes on 
the buzz saw. I have 
heard it asserted that it 
was possible to cut a 
small core -box for a 
straight round core ex- 
actly to the finished size, 
but I will show you why 
this can't be done, by 
referring to Fig. 3. 

Suppose we wish to 
saw a box the diameter 
of which is equal to the 
space between lines / g 
and i h. Let the line 
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o 6 be the top of saw-table; set the saw to the right height, 
or one-half the diameter of the core-box. A part of the 
saw, represented by the arc d e, is now above the saw-table. 
We must now find the angle at which the box must be 
passed over the table, that the saw, which has been ad- 
justed to the correct height, may also be made to cut to the 
right width. It is evident that a line representing the 
chord of an arc d e made by the points of teeth on saw, 
which chord will be at the surface of table, when drawn 
on the core-box, if placed in such a position that one end 
touches line i h, while the other end touches line / g, will 
show the angle at which the box must pass over the saw. 

When the angle is small, as in the present case, allowance 
should be made for the thickness of saw. 

Now by making a diagram similar to Fig. 3, we will be 
able to see just what shape the core box will be in after 
passing over the saw. Draw lines j kl from a b, the top of 
table, to an arc of circle d e, and perpendicular to a b, then 
from the points between these lines meet with a b draw 
other lines o p q^t the same angle with a b, that we found 
would be necessary to make the saw cut to the right width; 
draw a line f 5 at right-angles with o p q; this line will rep- 
resent the face or joint of core-box. Now measure on 
lines jkl the distance between a b and arc d e, transfer each 
of these spaces to lines o p q, measuring this time from line 
r s and keeping the spaces the same on similar hnes; that 
is, make the space on line q the same, measuring from r s, 
as the space between a b and d e measured on line j- After 
transferring all the spaces in the same way, connect the 
points found on lines, o p g, and the result will be a curved 
line t u V. I have shown only a part of the whole curve, 
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but enough is shown to enable you to see that a section of 
the box, instead of being a true drde, would vary therefrom 
in proportion as the diameter 
of saw varies ' from the diam- 
eter of core-box. The nearer 
the two are of the same di- 
ameter the closer we shall be 
able to cut the box. If it 
were possible to iise one-half 
of the whole saw, and move 
the box exactly square across 
the saw, we should be able 
10 cut out a half-drcle having 
the same radius as the saw, 
but this would not be possible 
with the ordinary saw-table, 
Iherefore it isn't likely that 
any one will cut round core 
boxes exactly to the line in 
this manner. 

Staves may be hollowed out 
in this way very nicely and 
rapidly. For this purpose you 
want a keen saw, and one that 
is very stiff. 

A better way of roughing 
out core-boxes is also shown 
in Fig. 3, where v, g, 6 is the circle of box and i, 2, 3, 
4 show grooves sawn lengthwise through the box, and of 
such depth as will just reach the line v,$,6. I have shown 
thin strips of wood left between the saw-kerfs, but the cuts 
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may be made close together or even overlapping near the 
sides of box so as to remove more of the wood shown above 
groove marked i. 

Fig. 4 shows a very common way of sawing wedges. 
The gauge is made with one side shown by dotted line 
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having the required taper. Place the opposite side against 
the fence b, hold one edge of the piece to be cut against the 
templet, letting the end toward you rest against the shoul- 
der formed by the piece i, which is fastened to the back 
end of templet, then by moving the stuff over the saw while 
it is held against the templet, which in turn is guided by the 
fence, you will be able to saw any number of wedges all 
alike, and having the same taper as templet g. You may 
facilitate matters a little by putting a handle on the templet 
as shown at /, and by making the templet of the same thick- 
ness as the stuff to be sawed, and putting a piece on top, as 
shown by h, reaching nearly to the saw, you will prevent 
any piece being caught and thrown back by the saw. 

If you wish to cut the wedges to a point, reverse the 
templet and put the handle and the piece i at the opposite 
end. , 
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Fig. 5 shows a way of sawing up staves which wastes no 
lumber, a 6 is the top of table, c is the saw, and e the 
templet or gauge piece used. This piece is made with the 
angle at upper comer next the saw, the same as the re- 
quired angle for staves, and the edge imder fence d is sawn 
to a parallel thickness, as shown ; or you may cut a shallow 




Fig. 7. 

gmove in the upper surface of this piece, the idea being to 
make provision for its being held in position by the lower 
edge of tilting fence, which is beveled off nearly to an edge 
in order to keep the face close down to the table when the 
fence is tilted, as shown by d in the present case. 

If the stuff is cut to the required length, then saw one 
stave off of each piece, a little wider than the finished stave, 
then you tilt the fence until it fits the beveled edge as 
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shown at d, and move it up to the right distance from saw.. 

Now, by turning the stuff over endwise each time a stave 
is cut off, you cut them all to a width and bevel both edges 
at one operation. 

By a combination of the principles shown in Figs. 4, 5, 
a dovetailed wedge may be sawn as shown in Fig. 6, where 
c i is the table, a the saw, b the fence, and c the stuff to be 
cut; d is the beveled piece wiiich forms the dovetail, g the 
wedge-shaped piece which gives the proper taper, / the 
handle, which is also shown in Fig. 4 at /, fe is a piece put 
on top of g and projecting over the piece to be sawed — the 
same as h in Fig. 4. The stuff is to be turned over every 
time a wedge is cut off. Thus you see they will be cut on 
the right taper, and both edges beveled at one operation. 
The dovetails for gear-teeth may be cut in this way, or the 
dovetails for holding loose pieces in place. 

With the aid of the tilting fence you may saw ordinary 
sized work so that the section shall have any form that is 
bounded by straight lines; but very small pieces cannot 
be sawed in this way, for lack of sufficient surface to steady 
them against the guide. In Fig. 7 I have shown a way of 
sawing small pieces to an octagonal form. The piece d 
has a groove cut in its upper surface, the two sides of which 
form an angle of 45° with the surface of saw-table a h. To 
set this in place, if the saw is raised and lowered by a 
screw, or in any other way that will admit of moving the 
saw while in motion, lower the saw below the surface of 
table, then place the piece d in its place, and fasten it in 
any convenient manner; then start the saw and raise it 
while in motion, letting it cut a passage for itself through d, 
and raising it only just high enough to cut through the 
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stuff. You can now cut any number of pieces to the same 
size and shape. The piece must have a parallel thickness 
and one square edge. 

Although I have shown the gauge d made to cut octa- 
gons, it is evident that the same principle may be applied 




Fig. 8. 

to any required angle. With the gauge as shown in Fig. 7, 
but with the saw coming up through the centre of groove, 
you can cut any amount of fillets, and with the saw as 
shown you can saw dowel-pins, and with the help of a 
dowel-plate (piece of steel with a hole through it the size 
you wish to make pins) you can finish them ready for use, 
takmg them as they come from the saw and driving them 
through dowel-plate, which will shape them ready for the 
pattern. 

Dovetails may be cut on an ordinary saw-table if it is 
in good shape. Fig. 8 shows how the kind of dovetail so 
much used for small packing-boxes, and sometimes called 
Canada dovetails, may be made; b is the saw- table, c the 
saw, and d the gauge-piece. This piece is made of a paral- 
lel thickness, and before fastening to table has a slot sawn 
through it, and a strip of hard-wood, e, which just fills the 
kerf, is placed in it. This piece d must be fastened on the 
saw-table in such a position that the hard- wood strip e will 
be parallel with the saw, and distant from it exactly the 
width of cut made by saw; then the pieces left standing 
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between the cuts will just fill the cuts on the piece used for 
the other half of joint. You will see that the only difficult 
part of the job is setting the piece d so that the tenon left 
between two cuts will be of the same width or thickness as 
saw kerf. Do it this way: Saw the slot in d for the strip e, 
fit two hard-wood strips into it, letting them project above 
the surface of d J" or |", and also saw a slot in another 
piece of stuff before moving either saw or fence. You now 
have two pieces with a groove in each one at the same dis- 
tance from one edge, the edge which was placed against 
the fence. In one of these pieces put one of the hard-wood 
strips, then use the other as a gauge-piece between the first 
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Fig. g. 

one and the saw, so that it will leave exactly the same 
thickness between the cuts that it cuts out. After finding 
the width necessarj-, lower the saw beneath the surface of 
table and place the piece d in position against the fence. 
Then start the saw and raise it up slowly, letting it cut 
through d. Set it to the right height, then, after moving 
the fence out of the way, you are ready to go on with your 
job. 

It will be found best to fasten a number of pieces to- 
gether for sawing, as this will give more length to the sur- 
face in contact with the fence or strip e, and thus hold the 
stuff steady while passing over the saw. 
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For sawing a regular dovetail, you must make the piece 
d with the surface inclined to give the bevel necessary for 
dovetail as shown at d, Fig. 9. The hard-wood strip e 
must be fixed parallel with the saw, then you may take 




choice between two ways of gauging or spacing the dove- 
tails. You may cut them all from one edge of the stuff by 
sawii^ one side of all the dovetails, and then by turning 
tbe gauge-piece d around to the position shown by dotted 
lines / and g, Fig. 9, being particular to place e at exactly 
the same distance from saw that it was when the first side 
of dovetails was cut. Then after locating the first cut from 
the same edge that was used in locating the opposite side 
of dovetails, you may finish cutting them. There is a diffi- 
culty about this which will be explained further on, and is 
caused by moving the gauge-strip e when the piece d is 
changed to the opposite side of saw. 

A better way b to get the pieces out all of the same 
width. This may be done by the saw. Then locate the 
first cut on either side of dovetail by the two edges of piece, 
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and the strip or guide t will do all the rest, and won't have 
to be moved for the second side. If it is desired to make 
the first nearer the edge than the distance between e and 
the saw, use a parallel piece between the stuff and e. 

The other part of the joint, the gain or mortise, will 

have to be cut one piece at a time. If your saw-table has 

an adjustable shde for sawing horizontal angles, 

J this may be accomplished very easily. Fasten 
to the slide a piece of stuff like section shown at 
Fig. II, making a the upright portion high 
enough to give a good support to the stuff to be 
Fig. II. sf^wcd, and the rabbet at h about the same thick- 
ness as stuff to be cut. This piece should be in 
length about twice the width of the pieces to be dove- 
taOed, once the width on each side of saw, to support 
them as they are moved from one side toward the other. 
This piece is also shown at d, Fig. 10. The fist cut on 
each side of dovetail will be gauged from the edge of 
stuiT, This can be done by putting a hand-screw on the 
slide at the required distance from saw. The position 
of this cut will locate all of the others by means of the 
strip e. The cut which holds this strip is made before 
fastening the piece d to the slide, which will insure its 
being parallel with the saw. 

We can now saw one side of all the gains, then by turn- 
ing the shde around to the opposite angle, and making 
another cut for e parallel with the saw in its present posi- 
tion, we can finish the gains. 

If the saw-table has no adjustable slide, make a slide as 
shown in Fig. 12, where a is the fence, he the shde or 
gauge, and d the saw. The two sides of the gauge h and c 
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should have a section like Fig. 1 1, and should be far enough 
apart at the saw to give some length outside of saw to sup- 
port the stuflE being cut, and the distance between the saw 
and fence must be equal to the whole width of pieces 




Fig. 12. 



to be dovetailed, as the fence is not to be moved while 
sawing the gains. 

At e, e are shown the hard- wood strips which determine 
the space between cuts. The saw kerfs for holding these 
sKps are made by setting the fence one space nearer the 
saw before locating it for cutting the gains. There is one 
thing which is very important, the accurate spacing of the 
cuts at the two angles necessary to form the two sides of 
gains, and which is accomplished very easily and correctly 
by this means. It is evident that if the spaces between the 
cuts for one side of the gains are longer or shorter than the 
spaces for the opposite side, the width of the gains will 
increase or diminish in the same proportion. This is a 
point about which great care should be taken, as it will be 
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almost impossible to make tlie dovetails fit together if they 
are not of the same size, and spaced evenly. This will, of 
course, apply to both the dovetails and the gains, or the 
tenons and mortises. The test of spacing the dovetails is 
to get your stuff to a width, then the same gauge does for 
both sides of the tenons without moving, and for cutting 
the gains. The method shown in Fig. 12 will give the best 
results, because the cuts for the pieces e, e are made parallel 
with the saw and both at one time; then as the angles 
formed by the two sides b and c of the sliding gauge are 
equal, it follows that the distance between the saw and 
either one of the pieces e will always equal the distance be- 
tween the saw and the other piece. 

This manner of cutting dovetails may be used lor mak- 
ing snap flasks, or for any other purpose where a good 
many pieces are to be made all alike. It would not pay 
for only a few. 

In sawing mitres (horizontal), as for picture-frames, it 
is evident that unless the opposite sides arc of the same 
length the joints won't fit; to get them of the same J 
length, place one on top of the other and cut them both at 
once. 

By using a gauge-piece similar to the one used in cutting 
staves, shown in Fig. 5, any number of pieces may be cut ] 
at once, as in making hexagonal or octagonal frames. 
This may also be done by putting a stop on slide after 
cutting one end of all the pieces to be sawed to the same 
length, and placing the cut end against the stop. 

In sawing pieces off square and of the same length, where 
they are to be cut pretty short, as in cutting up stuff for 
gear-teeth, one very common way of gauging the length is 
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by the fence; but if the stuflE sawed is narrow, the pieces are 
liable to catch between the fence and the saw and make 
trouble, perhaps break something. A better way is to 
fasten a piece down on table, back from the saw, in such a 
position that when the stuff is drawn back for another cut, 
the end may be pushed against this piece, thus gauging the 
length; then when it is moved up to the saw it is left all 
clear. This may also be accomplished by a piece placed 
against the fence and kept back from the saw. If you still 
persist in using the fence alone for a gauge, just coimt your 
fingers after you have done sawing to be sure that you still 
have the right number. 



CHAPTER X. 

THE LATHE. 

The lathe is another very essential tool in pattern work. 
In fact, patternmakers could hardly keep house without 
one at least in the shop, and there should be two in order 
to do the great variety of work which comes to nearly all 
shops. We must have a lathe large enough to swing the 
big pieces, and as this big lathe cannot be run at a high 
speed without a great waste of power and excessive wear, 
it will be good economy to put in a small lathe for the 
small work. 

The number and size of lathes necessary for any particu- 
lar shop will be governed by the size and kind of work to 
be done. Some shops can get along with one lathe, or, 
perhaps, only the occasional use of a lathe, while some other 
shops — as, for instance, a shop where steam and water 
fittings are made for plumbers — need a lathe for every 
man, and a good lathe, though it needn't be very large. 

There are plenty of lathes running every day now that 
ought to have been out on the scrap-heap ten or fifteen 
years ago. The pattern-shop is a kind of hospital or home 
for all the worn-out lathes in the works. 

I have seen an old, worn-out cngine-Iathe, one that had 
probably never run over 1,200 to 1,500 revolutions, brought 
into the pattern-shop with the back gear and feed attach- 
ment removed, and expected to get right up to 4,000 turns 
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a minute without any trouble. This expectation is, unfort- 
unately for us poor patternmakers, not often realized, 

I have tried to make patterns on a lathe where the face- 
plate slipped over the end of lathe spindle, and fastened 
with a set-screw, and as the end of spindle was at least ^a^ 
smaller than the hole through face-plate, any job you hap- 
pened to be turning had to be finished without taking it 
out of the lathe, and I guess every man in the shop got his 
knuckles rapped by the set-screw. It seemed to me some- 
times as though it was all set-screw, and every time you 
touched the work it would revolve on a new centre. An- 
other lathe in the same shop had wooden shears, but it was 
a good-running lathe, as the head was fitted up nicely, and 
had a wooden cone. We usually had the luck to get lathes 
in the pattern-shop with iron cones, and with the large end 
of cone toward the front end of spindle. This is because 
they have been engine-lathes or brass-finishers' lathes, and 
the iron cone wrong end foremost was all right for the pur- 
pose the lathe was intended for. But this lathe had a 
wooden cone with the right end — that is, the small end — 
toward the front end of spindle. The only trouble with 
this lathe was speed. It ran too fast. On the fastest 
speed you could hear it hum, and it probably made 6,000 
turns a minute. This was too much for a lathe that would 
turn 28" in diameter over bed, and which was also made 
extra heavy for face-plate work, for which the back end of 
spindle was threaded. 

I can also remember another lathe with wooden shears, 
about the same size but not so good a lathe, and at the time 
I used it it was badly worn. You could hear the spindle 
rattle all over the shop when it was running. The face- 
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plates on this lathe were all right, but the hole in spindle 
for the spur-centre was not central. Therefore, if a job 
was removed from the lathe and the spur-centre taken out 
for any reason, it was almost impossible to get the work 
back in the lathe so that it would run true. 

The tail-centre was never in line with the spindle, but 
this isn't absolutely essential for a turning-lathe where all 
the work is done with hand tools; stiU, the lathe would 
work better if the two were kept in line. 

These are a few specimens of the lathes generally found 
in pattern shops, and are a fair sample of the general qual- 
ity of these tools. There are some shops, and it is a pity 
there are not more, where you may find good tools, which 
were made for the purpose they are serving. 

Here, again, is another trouble: There are a great many 
patternmakers, as there are men in all other trades, whose 
chief and seemingly only object in life is to pass away the 
time between two consecutive pay-days in the easiest possi- 
ble manner. Such men as these always use a lathe without 
looking to see if it wants oiUng. In fact, the only time they 
ever oil a machine is when the need of it is brought to their 
notice by the spindle getting hot, and perhaps stopping. 
There is probably no class of machinery so easily injured 
by neglect in this particular as high-speed woodworking 
machinery; consequently, one of these men can do a great 
deal of harm in a very short time. I call to mind a recent 
case of this kind, where a lathe was used without oiling, 
got hot and stopped; then the man using it, in order to 
make it run so that he could finish his job, oiled it, and, 
finding that didn't entirely cure it, he loosened the set-screw 
at tail end of spindle, and also loosened the cap-screws in 
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both boxes. The lathe didn't get over it for three months, 

I and I don't know as it has fully recovered yet. 

There was a time when it was not considered necessary 
— perhaps it was also thought to be impossible, or at least 
impracticable— to turn wood by means of any tool but a 
hand tool. A wood-turning lathe, fitted with a slide-rest, 
would have been looked upon as a great curiosity not many 
years ago. Now lathes fitted up in this way are getting 
quite common. 

There was also a time when iron was turned altogether 
by hajid. Now the machinist has the slide-rest with auto- 
matic feed in any direction, and the patternmaker also has 
the slide rest, but usually without the automatic feed. The 
speed at which it is necessary to run in turning wood, in 
order to cut it smoothly, makes it difficult to use an auto- 
matic feed, as, for instance, in cutting a screw. I have seen 
this done on soft, dry pine in an engine-lathe, but it wasn't 
a job to be proud of, and had to be all dressed over by hand 
before it was anywhere near smooth enough to mould. 
Hard-wood works better. Rolls having a spiral groove 
turned on their surfaces are made successfully from any 
close-grained, hard wood. Such rolls are often used for 
winding the cable on elevators. I think, as a rule, that the 
automatic feed would be a hindrance rather than a help in 
wood-turning. It is, of course, used on lathes which are 
especially adapted to some one thing, as making broom- : 

handles; but this is entirely different from the turningdone 
in pattern work. The speed at which the feed would have 
to run, in order to work successfully and economically, is, 
perhaps, the very reason that it cannot be used with satis- 

ffactory results. ^^d 
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The requisites of a good speed lathe are a well-fitted 
spindle, having a taper-hole bored in front end for centres, 
and a thread cut on the front end for face-plates, leaving 
a good liberal shoulder for them to bear against. The 
lathe should have wooden cones on both spindle and 
countershaft, in order that the lathe may be stopped 
started quickly. The smallest step of cone on spindle 
should be toward the front end. This will give more room 
when working close to the lathe head, as in turning the back 
side of a piece on a face-plate. 

The taO-centre should be in line with the spindle and 
have a taper-hole the same as in spindle, then all centres 
and chucks that arc fitted in the live spindle may also be 
used in the tail spindle. If the live spindle has brass boxes, 
see that they are well supported by the housings. The 
boxes should not be much longer than the thickness of 
housing, otherwise they arc liable to spring and wear un- 
evenly, which will soon make them run hot. 

The tail spindle should be moved by a screw, and pro- 
vided with a clamp for fastening firmly at any point. 

The saddle and rest should be made so as to be adjusted 
and fastened in any position, without the use of a wrench, 
or any tool except what constitutes a part of the saddle or 
rest. A great many rests are fastened in position as re- 
gards height by a square-headed set-screw, and every time 
any change is made in the position it is necessary to first 
find the wrench which fits this screw, and if a monkey- 
wrench is used it will of course have to be adjusted to fit 
the screw before using. How much better a set-screw 
fitted with a lever handle works, both as regards the rest 
and also the operator's temper. 
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The speed at which a lathe should run depends upon 
its size and the work to be done. A very good speed for a 
lathe that will turn 12'' in diameter would be on the fastest 
speed 4>Soo revolutions, and on the slowest speed from 500 
to 800 revolutions. This cannot be considered as an arbi- 
trary rule for all classes of work, as there is a great differ- 
ence in the work done by the same size lathe in different 
shops, and it isn't every ^2" lathe that can be coaxed or 
even compelled to run 4,500 turns a minute. 

*Faster speed than this means an extra fine lathe or a 
loose spindle and excessive wear. If you are fortimate 
enough to possess a lathe that can be run at this speed and 
keep cool, don't let anybody tinker with it on any pretense, 
for in nineteen cases out of twenty they will do it harm. 
Even takiqg out the spindle to clean it is bad. It is better 
to dean it without removing it from the boxes, and a still 
better way is to use such oil as won't make any dirt, unless 
you let it get hot enough to biun the oil. To prevent this, 
put a piece of rawhide between set-screw and tail end of 
spindle, keep both boxes well oiled, and don't get the belt 
too tight 

Never locate the counter directly over the lathe spindle. 
Put it back so that the belt won't be exactly vertical. This 
hdps the belt a little. Then use a belt as wide as possible, 
lace the belt with wire or shave down the ends and lap them 
and glue them. After the glue has set, sew the splice as 
belts are sewed which are made without rivets, using a 
small thin lacing and poimding it down flat after sewing. 
Make the belt just tight enough to do the work. Then if 
you find that the belt sUps, it is likely that you are trying 
to make the lathe do a job that properly belongs to lYv^XA^ 
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lathe, or perhaps you are working on the same prindple as 
one of my former shop-mates, who, when he had a piece 
in the lathe that had a good deal to be turned off, would 
point his gouge at the roost prominent point, shut his eyes, 
and jam in the gouge. If the lathe didn't stop, or nothing 
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Fio. 14. Fig. 15- 



broke or gave way, he usually succeeded in jamming off 
considerable wood, but his method was rather hard on tools 
and the lathe. 

The centres for driving work may be of many different 
forms, some of which I have endeavored to show by draw- 
ings. 

Fig. 13 looks and works very nicely while it is kept in 
good order, but it is rather difficult to repair if the wings get 
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broken, and it is also one that is expensive to make in the 
first place. That shown by Fig. 14 costs less and works 
fully as well as Fig. 13. This one may have a notch filed 
in one wing to locate its position in the piece to be turned, 
and insure its being always put back in the same position 
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in a job that has been taken out of the lathe for any 
reason. 

The one shown by Fig. 15 is the same as Fig. 14, except 
that a space is cut between the centre point and the wings, 
one of which is wider than the other, to locate its position 
in the piece to be turned. 

Fig, 16 shows a form similar to Fig. 14, except that the 
^ of wings form tangents to central point instead of 
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' radial lines. This form may be marked by filing a nm^^l 

in one wing, as in Fig, 14, or by cutting a space, as in 13 
and 15. It is best on all of these four centres to liave the 

Swings cut away where they join the centre point, as in Figs. 
13 and 15, in order to sharpen the spurs without spoiling 
the centre point; also to give room to turn up the centre 
I when necessary. 

Fig. 1 7 shows two views of another form of spur centre, 
e being an end-view, where g, h, i show the location of spurs. 
This is the best form I know of for small work, and its 
having two spurs on one side and only one on the other 
makes it possible to replace any piece of work that has 
been taken out of the lathe, and to be sure that it will run 
true. More points may be left if it is thought best, as in 
making this centre it is turned up with a longitudinal sec- 
tion like /, then the ring at A b cut away, leaving the spurs 
at g, k, i, and as many more as you wish. This centre is 
! intended to be forced into the work up to the line Im, then 

it has no comers to catch the clothing or rap the fingers. 
This is another good feature. 

The central point on all these different centres should be 
kept a httle longer than the spurs or wings. In order to 
locate the centre in the work accurately, keep this point 
always turned true at an angle not over 23°, to avoid 
crowding open the joint on split patterns. 

The tail centre may be an ordinary 60° centre, but this 
form is likely to crowd open the joint, and for a job that 
has a long spell in the lathe, it is liable to wear toward one 
side of a split pattern, as one side is almost invariably 
softer than the other. A centre having a slender point, 
with a ring around it from |" to j" m diameter, will prevent 
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both these troubles. It should have a section like the one 
shown in Fig. 18. 

I have shown both this dead centre, Fig, 18, and the spur 
centre. Fig. 17, as being made from a single piece of steel, 
but an improvement is lo put the centre point in as a sep- 
arate piece; and if Stubbs' steel is used for this point, it 
may be easily replaced if it gets broken. 1 

I have turned small split patterns of hard-wood without I 
any fastening but the dowels and such as are afforded by 
centres like Figs. 17 and 18. This wouldn't be a good 
way as a rule, but it shows that the centres are both 
excellent in their way. A centre might be designed for 
live spindle that would safely hold small, light work, and 
would be a desirable tool. 

In preparing work for the lathe it is necessary to provide 
some way of holding split patterns firmly together. Small 
patterns may be held together by gluing a short space at 
each end, beyond the length of finished piece, but if fas- 1 
tened in this way the turning must all be done before I 
separating the pattern. A better way is to put a screw in 
each end, then you may take the work apart as many times 
as you wish. This h sometimes desirable, as, for instance, 
in turning a piece any portion of which is required to be as 
nearly a perfect sphere as possible. After the pattern has 
been centred accurately in the Joint, turn down a place 
opposite the centre of ball to the size required, and make 
a line to locate centre of ball, then take the pattern apart 
and draw the centre line across one half, strike a circle the i 
diameter of required ball, having its centre located on line I 
already made, and with your knife or a chisel cut off one \ 
side of pattern to the line of circle, taking care to cxil cC 
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the right side. This will be on the side of joint toward 
you, at the top, as the pattern revolves in the lathe, or hold 
the half pattern with the live centre end toward yon and 
the joint up, and cut off the right-hand side. Replace the 
pattern in the lathe and turn down just to this line and you 
will have, practically, a true sphere. Any split pattern, the 
outline of whose surface is composed of curved lines which 
arc hard to locate from the outside, may be laid out in this 
way and turned up more accurately than is possible in any 
other way. The lathe should be stopped as often as is 
necessary to note where you must cut away the pattern. 
If your lathe has iron cones on counter and spindle you 
won't get along as fast as you could if they were properly 
provided with wooden cones, as it takes longer to stop and 
start the heavy iron ones. 

Large split patterns may be held together by dogs driven 
in each end, at one or both sides of the centres, or hard- 
wood centres may be used, like Fig. 
19. Iron plates are sometimes used 
similar to Fig. 19, but these are hard 
on the lathe centres, especially the 
tail centre when it isn't in line with 
the spindle, although they may be 
used at the spindle end in connection 
with some form of lathe-dog for driv- 
Pio. 19. ing the work. In all cases a wooden 

centre piece at tail end, with a centre 
like Fig, 18, will always wear well and run true. I 
have seen an ordinary face-plate put on head end of 
pattern and then screwed on the spindle. At the same 
time an iron plate was put on the opposite end of pattero 
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for tail centre. This is a poor way. How are ybu going 
to square off the end of pattern for face-plate so that it will 
ritn exactly true ? that is, supposing the tail centre to be in 
line with spindle. If it isn't in line, it won't make any 
difference whether the end is square with spindle or not — I 
it is bound to strain the lathe. 

After the face-plate is fastened on the work and then 
screwed on the spindle, it forms a rigid joint between spin- 
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Fig. ao. 

die and work, and they will revolve as one piece, or, more 1 
correctiy, will strive so to do. The axis of revolution* will 
be a straight line, drawn from the centre of spindle to the 
tail centre; and if the tail centre isn't in line, this axial line 
won't pass through the centre of front journal box, so your 
lathe will probably run hot. This is illustrated by Fig. 20, 
where the tail centre is below line of spindle. Heavy split 
patterns should not be run at too high a speed, as the 
centrifugal force generated will spring open the joint, 
and as a result the pattern, when finished, will not be 
round. , 

Care should be taken in centring split patterns for the 
lathe. Get the centre exactly in the joint, especially if the 
pattern is to be made of more than one piece; and if it is 

*By this I mean the nxis about which the pattern and spindle, now 
held rigidly together by face-plate, would strive to revolve. 
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only one piece, and has any part of it squared up, how can 
you square it accurately if the pattern isn't parted at the 
centre? If the pattern is made up of two or more pieces, 
and you get these pieces all centred out of the joint, how 
can you tell when the centres are all located in the correct 
plane? And if the casting is to be hollow, how will you 
make the core-box so as to leave the casting of the right 
thickness throughout? 

There is a way of getting round all these difficulties. 
You may fit your pattern together, making offsets in the 
parting, to keep the centres of all the different pieces in the 
same plane. These offsets give the pattern a kind of rustic 
look, and perhaps the moulder will have to borrow a step- 
ladder to get up and down over these offsetts, in making his 
parting. They will also help to make a poor casting. 

Another, and a much better way, is to locate the centre 
exactly in the joint of each and every piece. 

Face-plates should be put on with a well-fitted thread 
and a good liberal shoulder. You ndll find it very easy 
to get one fast on the spindle, if the thread is a loose fit and 
the shoulder small. On the contrary, when they are 
properly fitted, it will be a pretty hard matter to gel one 
fast; but as we are all liable to meet with accidents when 
turning, we may be so unfortunate as to get one stuck 
fast. 

To prevent this I have found a paper washer, well- 
soaked in oil and placed between face-plate and shoulder 
on spindle, to be a good thing. If you have never tried 
this, you will be surprised to see what a difference it will 
make. To keep the dirt from collecting on the thread 
inside face-plate hub, file a notch across the thread on 
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spindle; just where it becomes a full thread, cut the notch 
to the full depth of thread. Then, if you keep the notch 
dean, it will, in turn, dean out thread inside face-plate. 
This won't work very well if the thread is a loose fit. 

Some lathes intended for very heavy face-plate work 
have no thread cut on spindle, but instead the end of 
spindle is turned to a slight taper, and the face-plate bored 
to fit, and is drawn up to the shoulder on spindle by a taper 
key passing through the hub of face-plate and through 
spindle. A face-plate fitted in this way don't get stuck 
on the spindle. 

A small face-plate fitted to go into the taper hole in either 
live spindle or tail spindle is sometimes very useful. 

A great many tools may be made for the lathe which are 
useful either in saving time or by bettering the quality of 
work turned out, but as these are to a great extent what 
may be called special tools, I shall not mention many of 
them. There are some that are useful to all; among these 
are a chuck for drills and another for bits with square ends; 
both these chucks should be fitted to either spindle. Then 
a pair of female centres are very handy on small work. 
Make the live one on a very slight taper, that it may centre 
and hold any roimd piece that will go into the centre. 

In fitting centres, chucks, and all other tools for a speed- 
lathe, you should always keep them as close to the housing 
as possible. In other words, make them as short as you 
can, and as light as is consistent with strength. Weight 
in any part of a speed-lathe which revolves with the spindle 
is something to be avoided, especially where it is in such 
shape as to overhang the bearing; for while it doesn't mat- 
ter much about the weight if it is perfectiy balanced^ it is 
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hard on the front bearing of spindle, where it overhangs 
much. Then, if it is a tool to drive some piece of work, 
the nearer the work is to the journal the better it is for both 
work and lathe. Again, if it, the tool, isn't balanced and 
is also made to project away out toward the other end of 




lathe, you will have hard work to keep the lathe from run- 
ning hot or to turn up a piece of work round and true. 

Fig, 21 shows a peculiar job of turning. The finished 
piece was to be like the figure, bi being a section at b, and 
01 a section at a. To get this piece I turned a whole cir- 
cle, and after I had spent a couple of hours in chucking 
and rechucking it, and taking great care to have the taper 
both ways very regular, the man who ordered it, and who 
had been standing at my elbow all this time, watching the 
development, kindly informed me that he wanted it to form 
a gate for running a small gear from the bottom of hub. 
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A piece that would have answered for this I could have 
made in about fifteen minutes, so you may imagine how 
pleased I was to hear what it was for. I felt like throwing 
the piece at his head, but didn't, and I suppose that he 
had the most expensive gate of the kind that a moulder 
ever used. 



CHAPTER XI. 



The mere thought of fillets is enough to make most pat- 
ternmakers feel tired. Fillets worked out of the aoUd wood 
of the paitem oftentime resemble almost anything but 
what they are intended for, being more or less cut 
hacked, and varying in size and shape according to their 
location. They are generally pretty good when they fol- 
low the outside of a curve, but when they are on the inside 
of a curve of short radius, and the grain of the wood runs 
the wrong way, it does seem as though the patternmaker's 
trade was a little the worst business in the world. 

Sometimes wood fillets are made and put into the cor- 
ners, but they are not adapted to crooked corners, aJid it 
is hard to make the thin edges lay down tight. Even after 
they are put in in good shape, after being moulded a few 
times the edges begin to curl up, and if any glue has been 
used it works out and makes the moulder unhappy. A 
good way, when glue is used, is to wet the outside. Then 
the edges will stay down until the glue sets. 

There have been various ways devised to overcome these 
difficulties. A favorite method is to make the fillet of 
leather. To accomplish this, a plane has been devised 
which, when it is in good order and in skilful hands, will 
shave off a strip of leather with a section hke a, Fig. 22, 
This, after being wet and well rubbed into the comers with 
q6 



FILLETS. 97 



^^^Kct too much. There will be a hollow wherever a nail 
^^BKh^en, and a corresponding fulness at the edge. If the 
anj^ is very crooked, the leather fillet will look like the 
crimped edge of an old-fashioned pumpkin pie; but any 
little irregularities like these can be overlooked, for the 
leather fillet is really a very good 
fillet, having one quality, durabil- 
ity, which other fillets have not. 

ThcD there are wax fillets, and 
fillets of putty, which look better 

orworse according to the skill and 

tools used. I have found a round 

rod of the same radius as the fillet, 

and having the end turned off 

round, to work first-rate. For 

wax, warm the rod so that it will 

not stick; for putty, wet it. 
The best fiUet made is when it is 

worked out solid. For crooked 

places, the fillet is worked on a 

piece by itself, like b in the cut. pm, j. 

But, owing to the time necessary to 

do this in good shape, and the consequent cost, it is often 

dispensed with, and some cheaper method used. Putty and 

wax are both cheajjcr. Wax is probably the most used, 

as it is easier to work and gives better results for the time 

expended. For large fillets, putty is perhaps better after 

it gets hard, which takes a long time. The angles should 

have a light coat of lead and oil, before using the putty, 

or it w ill not stick. 

' .; 
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When you turn a fillet between a flange and body, don't 
cut in too deep, like c. This makes the moulder trouble. 
Also, do not go to the other extreme and begin the fillet 
half way across the pattern, like d. 

It is sometimes necessary to make a pattern in a hiurry, 
and then perhaps you will be persuaded to let the moulder 
cut the fillets out of the sand. I don't know whether this 
gives the moulder any satisfaction, but, as a rule, the ap- 
pearance of the casting isn't such as to give much pleasure. 
It is hard for the moulder to make a sharp corner of sand 
from the nature of the material; neither is it always prac- 
ticable or advisable to put fillets in all comers, so we shall 
probably go on about the same as usual, some using wood 
or leather and putting in the hard places with wax or putty, 
and giving the moulder, and the man who pays, more or 
less satisfaction — more for the moulder when the comers 
don't break away, and less for the payee when the bill is 
large. 



CHAPTER Xn. 

STAVEWORK. 

Patterns for round pieces are made solid when not too 
larg^ or if they are very irregular in outline. When the 
outline is nearly straight, with the exception of flanges, 
which may be put on, the patterns may be made to advan- 
tage by gluing up the stuff in staves. Possibly every pat- 
ternmaker has had some experience with stavework either 
on pipes or cylinder patterns, and each one may have some 
ideas of his own on the subject, or he will if he takes the in- 
terest in his work that he should to insure success. I don't 
mean to say that my way of putting up stavework is the 
best; still, it will compare very favorably, as regards time, 
with any way I have ever seen. And there may be nothing 
original in this one method, yet it will be new to some, and 
to these I will try to make it plain. 

If your pattern isn't too large in diameter, say 14'' or iff^ 
you can make the heads out of plank. For larger work a 
abetter job can be made by gluing up the heads similar to 
cant or segment work, making them in half-circles, closing 
the straight sides, or what will be the joint of pattern, by 
courses of the same thickness as cants and lapped back 
and forth at the joint where they join the circle. You can 
also put in arms where the work is very large. These large 
beads should be jointed together in pairs and then laid out. 
They may be turned if you wish, and then, by wotkiw^OMt 
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which is parallel with saw, in connection witl 

In Fig. 23 the two sides c and e are to be cut by the help 

of gauge, shown in Fig. 24. 

For any number of sides up to eighteen I should saw all 

' but the last three by the bevel gauge and the next two by 

the fence and wedge. The last 

side d needs no gauge, as it is 

parallel with side J, i. Don't throw 

away the gauge, Fig. 24, but mark 

jfjQ the number of sides on head, bore 

a hole through it, and hang it up 

ready for the next job having the same number of staves. 

The diameter of pipe or cylinder makes no difference with 

the angles. 

You will find when you have finished the heads that they 
arc more accurate than would have been the case had you 
tried to lay them out before working. Also, if there is any 
irregularity in one, it will be repeated in each head, so that 
all the faces will come parallel. This, as you sec, over- 
comes one difHculty in stavework. You must keep your 
saw in good shape, for you can't do this job with a poor 
saw and make it satisfactory. 

If you are going to close over the joint of your pattern, 
you must saw from the joint of heads the thickness of stuff, 
as shown by broken line 0, Fig. 26, that you will put into 
the joint, I don't think this is any improvement; in fact, 
I should rather leave the pattern open, and give it a good 
coat of paint inside to keep out the water. If it is closed 
up it will gather moisture inside, and then when the pat- 
tern is laid away the outside wilt dry first. This will tiy 
fie joints and probably start some of them. If you make 
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up your mind to close over the joint, get out your stuff and J 
fasten the heads to it in their right places, taking care to I 
get them square with the axis of pattern and all on one I 
straight line, else your staves won't fit. For an open pat- ' 
tern, fasten the heads on a fiat board in their places, keep- 
ii^ them square and all on a line, and setting the end heads j 
out far enough to clean up in good shape when you turn up J 
tile piece. 

I cut up the staves in this way: Make a piece a couple of I 
feet long, having a section like r in Fig. 25. Let p be a 
section of a stave ; then make the piece r of such section as 
will make the angle (, y, x, formed by the combined sections 
of stave and piece r, a right angle. The width of this piece 
I should make not far froni the width of stave. Put this 
piece on saw-table between slitting saw and fence, with the 




Fig. 36. 

thick edge toward saw. Now, having your stuff for staves 
cut up to the right length, the small cut shows a section of 
one of these pieces before splitting into staves. The lines 
r, 2, 3, 4 show where it is to be sawed. Begin by sawing 
(Hie stave from each piece a little wider than necessary. 
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Then you must reset the fence. If the fence is made to 
tilt, set it to fit the bevel or stave. If you can't do this, 
get a piece to lay between fence and bevel edge of stave; 
for, if you gauge the width of stave from long comer, they 
will vary in width with the thickness of stuff used. By 
setting the piece r with the thick edge toward the saw, and 
then tilting the fence to fit the bevel of stave, you gauge the 
width of the staves on the inside surface regardless of the 
thickness of stuff. And then by turning over your stuff 
every time you cut off a stave you can save time and ma- 
terial. You will also be able to cut the staves closer to the 
finished size because you work from the inside of stave. 
This is the side to get to size, as the width of staves on the 
outside is regulated by their thickness. You may, in fact, 
with a keen saw and a good soUd saw-table, cut them to 
the exact width and angle. Perhaps, to be on the safe 
side, you had best cut them a little wide, then joint one 
edge of all the staves straight and to the right angle, and 
then you could cut the other edge on the saw, making them 
at the same time of the right width. 

Mark piece r with the number of staves and hang it up 
with the gauge, Fig. 24, for future use. 

If you have made the heads Uke Fig. 23, put on stave i 
first, using screws and counter-boring for the heads so 
that the holes may be plugged. For heads like Fig. 26 
you can begin at the joint, and if the joint is to be closed 
over begin on each side, putting in the top staves d last. 

This will finish up one-half of the pattern. For the last 
half, if it is an open pattern, turn over the half aheady built 
up, and place the remaining heads, each on its mate, which 
has already been fastened into the first half, then begin 
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putting on the staves as before. For a closed pattern each 
half may be built by itself, as it isn't necessary to have the 
heads match as closely as in an open pattern. 

Core boxes may also be made up of staves for a great 
many jobs. For these the heads will of course be on the 
outside. The usual way is to cut the heads out on a circle, 
allowing for the thickness of staves, then set them in posi- 
tion, and fit in the staves, beginning in the bottom. An- 
other way is to glue up the staves without any heads, then 
work out the inside of your box, cut it off to the right length, 
making draft on the ends, then nail on a piece of stxiff at 
each end, which will form the head and also the end of 
box as shown by broken line 6,a,c,e, Fig. 26. Now turn 
your box bottom side up and glue a block on inside of head 
under each stave. 

Another and better way to put on the heads, after you 
have worked out your box, is to gauge the staves at the 
ends of box to a thickness from the inside. Then cut them 
to this thickness back an inch or two from the ends. Put 
the two pieces for ends of box in the lathe and turn a groove 
that the ends of staves will fit into, and also turn off the 
draft necessary to get out the core, then fasten them on the 
ends of box. Where the staves are put on in either of the 
last two ways it makes a stronger box than when the heads 
are cut out to fit around the outside of staves, for then you 
have a weak place at b and e. If you want any heads be- 
tween the two ends they will have to be fitted aroimd the 
outside of staves. 
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CANT OR SEGMENT WOBK. 

When we wish to make circular forms that are compara- 
tively thin and fragile, like a pulley rim, or that are ex* 
pccted to keep round and true, like a pipe-flange, we can 
improve both the quality and strength of the job by making 
the piece up in layers, or " courses," as they are technically 
called, each course consisting of six or more pieces, to be 
cut with the grain running in the longest direction of the 
piece; as it would, evidently, be of no advantage to saw 
out, in one complete circle, the material for a course and 
then cut it into segments or "cants," 

In Fig. 27 I show a ring which is made up of "cants," 
having six cants in each of the four courses. Beginning 
with course A, we cut six segments; and by the way, one- 
sixth of a circle is spanned by a chord equal to its radius, 
which makes it very easy to lay off the length of the cant, 
and as long as we stick to this division into six parts we don't 
need to make any templets for laying out the work, as the 
first cant laid out for each course forms a templet for the 
remaining five, it being very easy to lay down the length 
of this cant without drawing the full circle. In fact, when 
we have set the dividers or trams for the radius we have 
also set them for the length or chord of the 60° segment. 

To return to course A, Fig. 27: This first course is set 
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up on the face-plate, as it is presumed that you will use the 
lathe to face off each course in the process of building up 
the ring. If the finished ring is to be very light, this first 
course may be glued fast to the face-plate, taking the 







Fig. 27. 



chance that the completed ring may spring out of roimd 
when cut off from the plate. It will usually be found that 
there will be enough glue forced out of the joints between 
the ends of cants in the first course to secure them firmly 
to the plate. If the ring is to be long and heavy, this first 
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course had better be fastened to face-plate by one or two 
screws in each cant, put in from back side of plate after 
the glue in joints of this course has dried. 

In putting on each succeeding course, locate the joints 
between the ends of cants, midway between those of the 
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preceding course, as shown by broken lines B, B, in Fig. 27. 
Another method of putting up cants is shown in Fig. 28, 
in which it is seen that but one "course" is made and that 
the cants are tied together by the " feathers " A,A,A. This 
method requires that the cants be fitted together, then 
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grooved for the feathers, which should be made with the 
grain of the wood nmning directly across the joint. It 
requires some care on the workman's part to bring all of 
the joints together and at the same time have them properly 
^ued, still this method is frequently used for short, circular 
patterns. 

In building up light work of this kind, care must be used 
to avoid springing each cant when forcing it into place, or 
it will be f oimd, after the ring is turned off, that each cant, 
so sprung, is striving to regain its normal shape, and the 
result will be an)rthing but pleasing. 

An ingenious way of avoiding this result is to cut the 
cants from very thick stock and to use care in making the 
joints between ends of first course; if possible, make this 
first course thick enough for the complete ring. After this 
first course has been glued to the face-plate and the glue 
has dried, take it to the lathe and face off level, then turn 
circumference of ring and face-plate square with face, take 
the work to the circular saw and cut from its face side, 
holding the true face against the splitting fence, and the 
circumference on surface of saw-bench, all but the thick- 
ness decided upon for the first course. Then return to the 
lathe, face off the new surface left by saw, then, reversing 
the ring cut off by saw, place its faced surface upon the 
first course, not forgetting to turn it roimd so as to "break 
joints" with the first course, and glue it fast in place. 

Going through the same series of operations a second 
time leaves two courses on face-plate and a somewhat 
thinner ring ready to be glued down for the third course. 
The advantage of this method lies in the fact that you 
have at all times a complete ring to be glued down to 
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face-plate, and as this ring will, or should be, much more 
rigid than any single cant, the danger of introducing 
strains when building up is greatly reduced. 

A good general rule for the thickness of courses is to 
make them somewhat less than the finished thickness of 
ring, measured radially. 

It is not essential to the success of this class of pattern I 
work that the joints between ends of cants in each course 
be made "good"; in fact, for most jobs the band-saw will 
make good enough joints for all except first and last courses, 
in a straight ring like Fig. 27. 

Where portions of radial joints are exposed on the fin- 
ished surface, they had best be made "close," to preserve 
a good surface. 

Any piece of work made up in this way should be allowed 
to dry thoroughly before working, else the drying of the 
glue is liable to draw the pattern out of shape. If the piece 
is to be cut into two or more pieces, do this before finish- 
ing or turning and thus give the parts a chance to adjust 
themselves to the strains that may have been introd uced 
in gluing up. 



PART THIRD. 

SOME EXAMPLES OF WOOD 

PATTERNS. 
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PATTERNS FOR BELT PULLEYS. 



It is evident that a set of patterns for manufacturing belt 
pulleys to any extent must, to be practical, be capable of 
almost endless combinations in order to embrace all the 
different diameters, widths of face, sizes of shaft, and 
length of hubs. The different combinations of sizes would 
at first sight seem to require a great many patterns, each 
one complete in itself; and at the time when it was custom- 
ary to make crooked arms it was almost impossible 
make a set of patterns that would fit nearly every ord 
so that special patterns would be the exception and 
the rule. 

The present custom of making straight arms has m 
it possible to construct a set of good durable patterns 
very reasonable expense, and one from which, by 
of the great nimiber of combinations made possibl 
will be able to make a pulley of almost any desc 
provided you carry the system far enough. 

The rings for the rims may be made by sweeps 
the small sizes, which will require patterns. Th 
should be cast th^ck enough to turn up, inside 
side, before using for patterns. 

It will be necessary to make two, or perhaps i 
ferent weights of spiders for each ring. If it is 
keep the number of arms uniform all through 
8 113 




/ 



.s 

<aer/ 
W 



\ 



114 PATTERNMAKING. 

difference in weight of the spiders is made by varying the 
size of the arms; or, if strength only is to be considered, a 
pulley may be made heavier by increasing the number of 
arms. I should consider this last way the best, as the iron 
will be distributed better and will consequently make a 
stronger pulley. There are exceptions to this rule, as in 
the case of a pulley having a rib on the inside of rim be- 
tween arms. Such a pulley may be cast with heavier arms 
than one having no rib inside of rim, but this last style 
may be made as strong as the other by increasing the num- 
ber of arms. 

A description of the manner of constructing a single 
spider or a series of spiders will answer for all, 

I have shown in Figs. 29, 30, 31, and 32 the way of mak- 
ing a scries of six-arm spiders for different diameters of 
pulleys. Make a pattern for the centre Fig. 31— this is 
to be of the same thickness as arms, one of which is shown 
in Fig. 29. One arm is all you will find necessary to make 
in wood. I would make this ann a split pattern for the 
convenience of the moulder; or, if you are going to make 
all of your linished spiders in halves, a half-pattern i; 
that you will require. The end next to rim I would cut 
out of hard-wood, in order to keep the fillet in as good 



As you have only one arm to work out, you can afford 
to take extra pains in shaping and finishing it. The hard- 
wood end should be made with the grain running in the \ 
direction of rim, and don't try to make the fillet too thin 
-jn the edge; bring it down to an edge, but make the angle 
if edge great enough to mould and run sharp and clean, 
'be letter a, Fig. 29, shows where the hard-wood end is 
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joined to arm. This end should be put on with screws 
only, for reasons given further on. 

Make the arm the extreme length thought advisable for 
this size of arm, not forgetting that more than six arms 
may be used. 

Have one casting made off of centre piece, Fig. 31, and 
six from arm, Fig. 29. 

Clean up the casting for centre piece, then lay out the 
shoulders 6, c, rf, Fig. 31, and file them up accurately — ^that 

is, make them all at the same distance from 
centre, and drill the holes e, /, g, which shall 
have their centres equidistant and also on 






Fig. 29. 



Fig. 30. 



Fig. 31. 



the line of joint between arm and centre. These half- 
holes may be filed if thought best. The arms should be 
deaned up, and a pin-hole drilled through the centre, 
and at a short distance from the outer end of each one, as 
at hy Fig. 29. 

Now make a follow-board large enough to lay this 
spider on to mould. Put on the centre piece. Fig. 31, and 
drive a pin at each of the holes e, /, g, etc. ; then from the 
centre a scribe a circle equal to the size of the largest spider^ 
to be made from these arms; space it off into six pai 
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marking the ax pcsms oppcsite the pins e, /, g. Fig. 32. 
Draw Unes frran these points to centre a; these lines will 
be the centre line ctf each aim. Xow mark the position of 
shoulder b,<,d, etc, of centre piece, take off the casting, and , 
remove the pins. Lay cm one of the arms, making its 
centre coincide with the line on fojlow-board, and the outer 
end with the drde drawn. Hold it in thU position and 
drill through the hole h into the board, and drive a pin. 
This pin should be fast in the arm, and the pins at e, f, g 
fast in the board. 

Get the length of this ann to the shoulder of centre piece; 
fit all the artns on the board in the same way. Mark a 
centre line on each one, and space off, from the inner end, 
such distances as will equal one-half of the difference be- 
tween the diameters of pulleys which you wish to make; 
from this size and number of arms, drill a hole through each 
of these points. Then space off the centre line of each arm 
on the follow-board, beginning at the centre of pin-hole h 
and going toward the centre, making the first space from 
k toward the centre equal to the first space on arm from 
shoulder / toward the outer end, and so making the spaces 
on the board and the arms similar, going toward the centre 
on board and toward the circumference on arms. Drill 
pin-hotes in board at each space. Replace the pins e f g, 
lay on the centre and the six arms as in Fig. 32, and it is 
ready for the moulder. Each of the arms will have holes 
drilled as at h,i,j. 

After making one or two castings from this, one for a 
solid pattern, two for a split-pattern, the six arms are to 
be cut off to the centre of first hole from the end I, Fig. 29, 
then they may be moved up toward the centre, the pins at 
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k falling into the second circle of holes in the foUow-board, 
and then we are ready to mould another size of spider. 
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Thus we may go on cutting off the arms as shown by lines 
;, k, Fig. 29, and making a great many spiders from this 

one set of arms. 
Now, let us illustrate the working. Sup'j 
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r make a set of six-arm patterns, each diameter to have diree , 
I sizes or grades of arms, light, medium, and heavy. We 
have made our wood pattern for a 72" light spider from the 
same pattern by reducing the length, as has been explained. 
We will make, perhaps, light, 66", 60", 56", 53", and 48"; 
then, by still further reducing only the length, we will make 
medium 46", 44", 42", 40", 38", and 36"; then below this 
diameter the spiders cast from this set of arms might be 
called heavy untO they reach a point where the size of the 
I arm is out of all proportion to the diameter. This is not 
intended for an arbitrary rule in making a series of spiders, 
but is given to show the practical working of the system. 
You can, of course, exercise you own judgment as to the 
right point to change the grade. 

Another plan for making the three grades would be to 
vary the number of arms. This can be done by making 
three centres having different numbers of branches on 
each, but making them all of the same diameter, so that 
the spiders made from all three with the same length of 
arms would fit the same ring. In either case, it will require 
but very few wood patterns to make a most complete set 
of iron spiders. 

These iron spider patterns should be accurately centred 
and drilled all with the same size drill for the hubs. I 
would make this hole not over f"; then, in case a pulley 
is ordered with a hub on only one side of spiders, the same 
hole will do for the pin on core print, which wouldn't al- 
ways be the case if the hole was much larger. 

If it is desired to make pulleys with ribs on the inside of 
rim between arms, cast the spiders with the ends of arms 
at a, Fig. 35, left off; then you can use the spider with these 
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pieces which arc lo be cast separately, or with a rib made 

in as many segments as there are arms, and fastened to 

the arms with screws, or in any other way thought best. 
The hubs can just as well be made of wood; then it will 

be easy to make any new or special 

hub. They should all have a J" pin 

at the centre to fit the holes in 

^iders. Make the hole in outer 

end J" also, in order that the print 

may take the place of the hub, as 

before explained. 

It is a good plan to have the hubs 
fitted with bosses for set-screws, as 
shown at a, b, Fig. 30. 

The core prints will, of course, all 
have I" pins to fit the hubs. 

The core-boxes for hubs may be 
made straight, but it is better lo 
have a recess formed in the hub; 
this may be accomplished by a box 
like the one shown in Fig. 33. This 
is a top-view of box, which has one end movable to ad- 
just it to the length of hub. It is then held in place by 
the screw a. The end b is left open to fill the box. 




Fig. 33. 
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These pulleys, or sheaves, are sometimes made in a 
three-part flask when there is but a single groove, as in 
wheels for conveying power, where the wire or hemp cable 
takes the place of a flat belt. 

There are some objections to this way of moulding 
sheaves, and the principal one is the necessarily fragile 
form it entails upon the pattern. Then the groove in some 
cases is very deep, which leaves a good deal of overhanging 
sand in the mould. As a rule, I think it is better to form 
the groove by cores. This will make a more substantial 
pattern. There will also be less work for the moulder, and 
less risk of losing the casting by reason of the sand break- 
ing away which b to form the groove. 

It will be seen by Fig. 34 that a pattern made to form 
the groove in green sand, by means of a three-part flask, 
would be a very weak affair. It could be made of iron, 
to be sure, but it is really of no advantage to make the pat- 
tern in this shape. I should make it with a core as follows: 

Glue up the rim in cants or segments, putting in not less 
than three courses, and make the middle course (there 
should always be an odd number of courses in a pattern 
which is to have a set of arms in ; or, rather, there should 
be a course in the right place and full thick enough to re- 
ceive the arms, as it makes bad work where a part of two 
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or three courses come within the thickness of the arms) 

full as thick as the arms if they are to be central, and after 

gluing on this course cut the 

anns in far enough across the rim 

to give them a good hold. The 

arms have already been glued 

together at the centre and planed 

off flat and true. Get the arms 

out wide enough to make the 

fillet where they join the rim, as 

is shown by Fig. 35, where a is 

the rim, b the arm. 
Before gluing the arms into 

rim, it saves time and trouble 

to lay them out and work them 

to the finished shape, except 

where they join the rim. If 
they are to have ribs on each 
side, before fastening on the hubs 
place the hub on a fiat surface 
and then fit the ribs up to them, 
holding the ribs on a radial line 
from centre of hub. If the arms 
are tapered in thickness toward 
the rim, you had best put the hub 
in its place and fit the ribs 
against it on the spider. That ^ r\ J 

portion of the rim which is in- v \f 

duded in the thickness of the ^° 34- 

arms must be turned up before putting them in- 
After the axms are fastened in place put on the hubs and 
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Kiit>« arouflii them so as lo get the length of ribs. If the 
1 nbs were lined ag-.iinst ihe hub while on the spider, the 
pUbitioa uf each one as regards length could be located by 
& kjiite mark. After the ribs are fitted against the rim, 
iisiva uu the hubs, then the ribs. I would cut off the hub 
go oot side even with the rim, making the remaining por- 
tiuo uf it loose. This will give the moulder a chance to 




Fig. 3S. 

)hy ^ patWrn on a plain foUow-board. The ribs o 
aauw sidv of arms may also be made loose, though I should 
rathvr nuke them of such shape that they might be readily 
t.vlK\l o3 in the mould. 

I'hv »hii{.<e tif core-box in section may be seen by Fig. 34, 
auij the U'nglh of it will be made to suit your own and the 
tiK>uldvi\ ideas, that is, if you consider the moulder's ideas 
on the aubjwt of tiny account. If you don't, then look out 
iw tivubli.'' when the pattern goes to the foundry. 
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You have very likely heard how easy it is to lead a horse 
to the brook, but it isn't so easy to make him drink if he 
don't wish to. The same difl5culty is encountered in trying 
to make a moulder (or anybody else) do any work that he 
isn't, and doesn't wish to be, interested in the success of. 
There may be men who will honestly do their very best 
under such circumstances, but they are as scarce as hen's 
teeth. 

The first move toward success in any undertaking is to 
get all who are to assist in its completion interested in its 
success, and how can this be done more easily, with the 
man who takes pride in knowing the whys and wherefores 
of his business (and, mark you, these are the men who are 
bound to succeed), than by asking for his ideas on that 
portion of the work which is his specialty, and, if there be 
no objection, letting him do it in his own way ? In this 
way you ensure success, because, you see, you not only get 
the advantage of each one's skill, but you also, by leaving 
the manner of doing the work to his judgment, put him on 
his mettle, and he will do the very best he can. Many a 
casting which goes out into the back yard to be broken up 
may trace its downfall back to the designer who knows 
what he wants himself, or to the patternmaker who con- 
siders the moulder not as a mechanic but as a man who 
only knows how to shovel dirt. The designer or draughts- 
man may not understand all the branches through which his 
work must pass before it is completed, and if he is one who 
considers mechanics' ideas of no account he is very likely 
to get left, as the boys say. 

I think it best and cheapest to make the groove in this 
sheave by means of a core, but still, if the mouldti ^^xtoi 
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to make it in green sand and I couldn't convince him of 
the error of his way, I would make the pattern to suit him, 
because, you see, I should want the casting to be as perfect 
as possible. If the pattern is made to suit the moulder 
and then you get a poor casting, you have him in a tight 
place. 

If the moulder makes a success of the job in green sand, 
when you get a sheave to make like Fig. 36 you will be 




able to show him that he can also make a good sheave with 
cores, for I think any moulder will admit that it is best to 
make this four-grooved sheave with cores. After he has 
moulded it and finds out how well it works, I presume he 
will acknowledge that a single groove may be made equally 
as well with cores. 

The core prints for the two sheaves are shown by the 
lines a, h, c in Figs. 34 and 36. The dotted lines in these two 
^^res show the construction of patterns; k shows where 
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the ann is cut into rim, i is the axm in each figure, and j, k 
the ribs on either side. 

The core-box for Fig. 34 had better be parted through 
the centre of groove. For Fig. 36 make the ends of box 
fast to the bottom, which, with the ends, is made of the 
same thickness as core print between lines a and c. The 
sides are simply flat pieces, and are both loose, as there can 
be no draft. The outside at 6 is to be left open for both 
wheels. 

Supposing we wish to make a wheel or sheave with a 
spfral groove on its rim for a rope or wire cable. Such a 
wheel is, I think, sometimes used with hydraulic elevators 
to regulate the flow of water by controlling the valve 
opening. 

The pattern may be made in the same way as the pattern 
for the four-grooved sheave illustrated in my last paper. 
The core-box is to be so made that it forms the spiral 
groove. It will be necessary to make but one part of the 
whole circle for the core-box, the length of this part being 
governed by the size of the wheel. 

Let us divide this core into six parts and let the groove 
make three turns, then the pattern would be of the same 
thickness as an ordinary sheave having four grooves on its 
drounf erence, and if we have a pattern for a four-groove 
sheave, of the right diameter, we can use it for this wheel, 
as the only difference will be in the core-box. Though 
the casting, in this case, will have some iron in it that is 
unnecessary, and which might be avoided by a special pat- 
tern, let us make one from the pattern which we already 
have, as this will require only a core-box. Make the core- 
bo? in this way: Get out the bottom of a length equal to 



1 26 PATTERNMAKING. 

one-sixth of the greatest circumference of wheel and of the ■ 
same radius, and the width must be three grooves, plus one ■ 
groove, on each side, plus the thickness of the two sides of 
the box. The pitch of spiral will be the distance between 
the centres of two adjacent grooves. 

If we make two hnes on the surface of the piece for bot- 
tom of core-box, these lines to be located at equal distances 
from the two sides of bottom piece and distant from each 
other one-sixth of the pitch, and then draw another line 
from one end of one of these lines to the opposite end of the 
other, we shall have a line that will represent the pitch of 
groove, and aU other lines necessary in locating the grooves 
will be parallel with this pitch and may be laid off from this 
first pitch line. 

The grooves may now be worked out. Get out the two 
sides of box, fit them to the bottom, cut them to the right 
width and of the same length as bottom of box. After the 
grooves are worked out, the ends may be fastened on. 
Make them as wide as the bottom. Now we must fix the 
sides of box so as to allow for the change in position of the 
grooves as they pass around wheel. Let us begin where 
the groove comes nearest to side of rim. Set off from the 
outside groove the thickness of outside flange and draw a 
line through this point parallel with the side of bottom of 
box. When this line reaches the opposite end of core-box 
it will be distant from the groove the thickness of outside 
flange plus one-sixth of the pitch. Transfer this new dis- 
tance back to the first end of box and draw another line 
through this new point, parallel with first line. This line 
will be distant from the first one-sixth of the pitch. Thus 
we will go on until six lines have been located and 
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drawn all parallel with the side or core-box, not with the 
grooves. 

Then we will draw six more on the opposite side of 
'es, and distant from the first six in regular order, just 
:kness of core print on pattern, as this will be just 
of prints on cores. It is evident that if we 
(^ the thickness of this print from each of the first six 
lines in succession, we shall get the correct positions for 
the last six. The first six should be numbered, then num- 
ber each of the last six to correspond with the number of the 
line that it is spaced from. 

Now, by fixing the sides to each pair of lines in succes- 
sion by either pins or screws, we can make six cores that 
will, if we have been kindly remembered by the core-maker 
and moulder, form a continuous spiral groove, making 
exactly three turns around the circumference of wheel, 
beginning and ending with an abrupt, square shoulder and 
leaving a good deal of iron outside of the groove that is of 
no use. 

Let me first show how to get rid of the square end of 
groove. Suppose we let the groove make 3^ turns, and 
let a portion of each end of groove — equal to -^ of circum- 
ference of wheel — be tapered off to suit the Job. 

We shall now have a straight groove— or, rather, three 
parallel grooves — reaching five-sixths of the distance 
around wheel. For the remaining one-sixth there wiU be 
four grooves, the two outside ones being tapered off from the 
centre of this part of circumference toward the outer ends. 

To form these tapered ends of groove, we may make a 
special core-box for this segment of core. If there are 
many castings to make, or where only one or two castings 



are wanted, we can make these ends in the same box, cut- 
ting only one of them into the bottom of box, beginning 
with the full depth of groove at the end of core-box and 
running out toward the centre. Then make a piece to fill 
up this end when not wanted. A little care on the part of 
core-maker and moulder will make the casting come out all 
right. Make two cores in the full box, and four with the 
tapered end stopped off. In setting the cores, put the ends 
of the two made first, having four grooves, together. 

Now, to get rid of the extra iron in rim of wheel, we shall 
have to make a special pattern, cutting off the rim to the 
required form, and making provision for leaving the ends 
of groove in any required form — say we wish to turn the 
end of cable down through a hole and fasten on the inside 
of rim. 

You will see that the core-box that is to make the greatest 
part of the core for this pattern may have the sides fixed 
at a regular distance from and parallel with the grooves, 
as the cores will all be ahke except at the ends of groove. 
If the groove is to make exactly two, three, or four turns, 
we will simply have to make a hole in the core-box at the 
outer end of one of the outside grooves, of such depth as 
will cut through the rim. One hole will do for both ends 
of groove. If the groove is to make three and one-siicth 
turns, we will cut out one side of box for one-twelfth of 
circumference of wheel — the amount cut away to be regu- 
lated by the size of the groove and shape of pattern, Then 
we must work out the groove in this portion of box, ending 
with a hole down into the bottom of box at the centre, or 
finishing the end of groove in any other manner thought 
advisable. We will want a piece to stop off this extra 
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groove; for the core box, if originally intended to make 
one-sixth of the full core for a three-tiun wheel, would now 
have four grooves for one-half its length. 
* For making the last description of wheel we should make 
two cores from the full box and four cores with extra 
groove stopped off. 

The two full cores, by placing the ends having foiu: 
grooves together, will complete the three and one-sixths 
turns to be made by the groove. 

It will be necessary for the moulder to exercise a little 
care in setting the cores, especially in the first wheel, which 
we made off the regular foiur-groove sheave pattern, as 
these cores must all be placed each in its special place 
except the two cores where the groove begins and ends; 
here the grooves come central with the rim. 

In the last wheel, the cores, with the exception of the two 
full cores, will go either end first 
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MAKraO PATTERNS FOR CHAW WHEELS. 

Link belts are becoming so common nowadays that it is 
well for every patternmaker to know something about them 
in order that he may be prepared to some extent when called 
upon for an effort in this direction. 

Link or chain belting may not run quite so smoothly as 
leather belting, but there is no slipping, and for this reason 
they are specially adapted to short spaces where gearing 
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Fig. 37. 

is not practicable and where leather belts are liable to slip 
if the speed is slow. The motion produced is simUar to 
that by gearing. If the diameter of wheels is proportioned 
to the length of the links or pitch, then the motion will be 
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smooth and the speed regular. The more teeth the 
smoother the motion, and vice versa. 

Fig. 37 is a very common form of a chain wheel, and is 
made for an ordinary link chain forged from round iron. 
A wheel for this chain may be 
made in several ways as re- 
gards the position and shape of 
the teeth or lugs which give the 
chain a hold upon the wheel. 
Some forms are made very 
cheaply, both as regards pattern 
work and cost of moulding; 
others, being more complete, 
will cost more, but to offset this 
they will wear longer, and also 
tend to prolong the life of the 
belt by presenting more wear- 
ing surface. The form shown 
in Fig, 37 is the most complete, and is also the most ex- 
pensive as regards pattern work. A portion of the rim 
is shown in section at a ; 6 is a cross section of same wheel, 
and c is the chain used. 

Taking all things into consideration, the best way to 
make these wheels is to form the groove on rim by a core, 
Vou may make the core in sections, but usually it is best 
to make a whole box unless it is a very large wheel. 

This box may be turned in the lathe to the shape shown 
at d, Fig. 38. If you make a whole box it should be parted 
on the line g, h. 

The advantages of a whole box over a segment box are 
greater accuracy, fewer poor castings, and less work for the 
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core-maker and moulder. It is also better for the pattern- 
maker, as he is less liable to make a mistake in the pitch of 
the wheel. The cores will always fit the moulds, while 
segment cores are very frequently a httle too long or too 
short; this, of course, destroys the accuracy of the spacing. 

Perhaps you may think that if the segment cores are 
made the tight length they will always fit the mould. So 
they would, but after the box ig made just the right length, 
which is not easily done, and in calculating for which you 
must be acquainted with the core-maker and also the 
moulder; and in a great many cases where you know the 
core-maker or moulder you will also know that the cores or 
moulds get better as the last pay-day gets farther away. 
After all this we shall still have to take the chances of bak- 
ing. AH joking aside, however, we will allow, as perfec- 
tion is something rarely attained, that it is easier to get a 
good job from a whole box. Again, if the core is made in 
halves they are a bad thing to paste together accurately; 
and as for the extra work in making the whole box, you 
will find that the moulder will save the cost of that in mak- 
ing a very few moulds. 

I have shown the core-box in section in Fig. 38. It has 
one side of the print left open all around. The core is 
rammed up through this opening and struck off level, then 
by lifting off the part marked a the core may be turned out 
on a plate and dried. The outside edge of print is made 
with plenty of draft, to facilitate turning the core out of 
core-box and to make it easier to place the core central in 
the mould. After our box is turned to the shape shown at 
d. Fig. 38, the next thing is to space it up. The most com- 
mon fault with all chain and sprocket wheels is in the s; 
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ing— the length of the spaces being different from the 
length of the links. I will try to explain how this may be 
avoided to a great extent. Measure oflf a portion of the chain 
eighteen or twenty inches in length, being very careful to 
get exactly full links, say ten links are found to be exactly 
twenty inches long, which makes each one two inches. In 
this way we reduce any error in measuring the length of a 
single link into as many parts as there are links in the space 
measured, on the principle that you can measure a single 
space with about the same degree of accuracy each time. 
It makes no difference what the length of the space may be, 
provided that it is less than the length of the scale or rule 
used to measure with. 

This would ordinarily bring the space within two feet, 
the length of an ordinary rule. If, then, you could measure 
a single link within .01 of an inch you could also measure 
ten links within .01 of an inch, then by dividing this space 
into ten equal parts we have reduced the error in the length 
of a single link to .001 of an inch. We should of course 
measure the chain with a standard rule and then take the 
same space from a shrink rule before dividing in single 
links. 

The diameter and spacmg of this wheel need not be so 
absolute as in making gear-wheels; still, the teeth in a single 
wheel should be all alike in order that the motion piroduced 
by it may be regular. 

To lay out the box we will make two templets, as shown 
in Figs. 39 and 40. These are made with a gauge piece 
that is placed against the part of the box that corresponds 
with the largest circumference of wheel. We will use the 
one marked Fig, 39 first, then with a templet AikeY\%. ^\ ^^ 
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will work out the spaces laid off by 39, which, by the way, 
will be only every other space. After these are finished lay 
off the alternate links by templet 40, using a second tem^et 




Fig. 3g. 



like Fig. 42 to gauge the depth of this last cut. This com- 
pletes the core-box ready for varnish. If there are to be 
many cores made from this box it will be best to make it 
of iron, which may be made from either a wood or plastet 
of pans pattern. In case an iron box is wanted it vrill be 
pocsible to make it from a pattern of only one half or one 
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side of the rim, by making the upper part of box first, 
then adding the bottom and outside to pattern before mak- 
ing the second casting. 
The pattern should have the rim glued up in segments, 
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with the arms cut in, as explained in my articles on " Cable 
Pulleys." 

A cheap wheel of this kind may be made by turning the 
core-box out to the size and shape of the chain — by this I 
mean of such size and shape that the chain will lay in the 
groove. Then to give the chain a hold on the wheel at 
every second or fourth link of the chain, two little pieces, 
a' a', Fig. 37, are fastened in the box, one each side. These 
' pieces must be of such size and shape that they will go be- 
tween the links of the chain as it lays in the wheels. This 
boi is much easier to make, and it costs less, but the wheel 
dofs not wear as long, neither does it give the firm hold 
which the other form affords. 

[The pieces marked a' a', referred to in the description 
ofthelast form of wheel, using the chain c, Fig, 37, are also 
a part of the first wheel, as will be seen by studying both 
e and &.] 

There are other ways of making these wheels, but as 
the two ways I have explained arc the extremes, one being 
the most complete while the other has probably the least 
work it is possible to get along with, all other ways come 
between these two, being more or less complete copies of 
fig. 37, and need not, therefore, have a special description. 
Another form of chain is the one the construction of 
which is shown very plainly by the two views at c, c, Fig. 
43; the links may be either punched from sheet-metal or 
cast ready to rivet together. This is a cheap chain, for the 
pieces are all alike and easily put together. 

The pattern for the wheel is also a simple thing to make. 
The rim should be laid up in segments similar to rim in 
Fig. 37. This rim has three rows of teeth on its circmn- 
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ference, the two outside rows being placed so that 
teeth in one row come opposite the ones in the other out- 
side row, while the middle row has the teeth opposite the 
spaces in outside rows. The middle row must be made 
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by cores, and in turning up the pattern we make allowance' 
for this by leaving that portion of the rim which is covered 
by this row of teeth wider than the two sides, this width 
to be such that the cores, which will be described farther on, 
will not topple over into the mould and cause the moulder 
to break all of his New Year's resolutions. 

The edge of the rim will thus be divided into three equal 
portions, the diameter of the two outside parts being the 
same, while the centre has a radius greater than either side 
by an amount equal to a little more than the depth of the 
teeth. 

We should put a line on each side of the rim, to mark the 
bottom of teeth. The outside rows may then be laid out 
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by a pair of dividers and worked down to central part; 
this part should then be laid off and cut through, leaving 
prints, as shown by dotted lines at d, Fig. 43. Perhaps a 
more substantial way of making the prints for the centre 
row of teeth will be to turn the rim square across and put 
on the core prints, each one by itself. In this way each 
single print is formed of one piece of wood, which might 
not be the case if they were cut out of the rim. 

The core-box is shown at Fig. 44, and shoidd be fitted 

very nicely to the print in order to have the cores stand in 

just the right places. 

This kind of a wheel may also be made in a cheaper form 

aving off all but the centre row of teeth, keeping the 

S of the same thickness as the chain, to give it a good 







support and also to keep it from becoming jammed be- 
tween the teeth. 

There are several styles of sprocket-wheels made with a 
single row of teeth, one of the plainest of which is shown 
in Fig, 45, a being a section of the rim showing ^ho^^c'C'uotv 
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of teeth, b a cross section of the same, and c the chain used. 
The chain is cast, each link by itself, and then riveted to- 
gether. 

While the chain and wheel shown in Fig. 37, and also 
the one in Fig. 43, will work equally well in either direction, 
this one (Fig. 45) is intended to move in one direction only, 
as shown by the arrow. 

In this wheel, as the arms are as thick as the rim, we 
will let them in part way through the rim, as shown by 
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dotted lines at d, Fig. 45, and secure them by nails. The 
rim should be laid up in not less than three courses of seg- 
ments, and the teeth had better be put on separately, as, if 
we make them a part of the rim, we may have bad work 
when we come to laying and working them out, whereas 
if we put them on each one by itself we shall have each 
tooth made of a single piece of wood. 



CHAPTER IV. 

PATTERNS FOR STEAM CYLINDERS, 

Ir would not be possible for me to give a detailed account 
of all the different ways of making cylinder patterns and 
core-boxes. In these days of almost universal use of 
steam-engines there are so many different makes that it 
would be quite a task to simply name them all, without ' 
going into particulars. 

The larger part of slide-valve engines have the same 
general form of cylinder, with the steam-chest on one side; 
some are steam-jacketed, and a good many have the front 
tylinder-head cast as a part of the bed-piece, 

hi Figs. 46 and 47 I have shown a cylinder of the plain ' 
slide-valve type and having a steam-jacket, with the steam- 
cbest at one side and lo be fastened to the bed-piece at one 
end. If it is a cylinder of any size, make the body of staves, 
following the directions given in Chapter XII, on stave- 
work. I should prefer to leave the pattern open inside. 
Some would object to this, because they say the moulders 
would knock out the heads. Well, the moulder must be 
allowed some way of working off his excess of muscle, and 
perhaps swinging a sledge against the heads in a cylinder 
pattern is as cheap as any other method. If you cover 
over the joint he will soon make a hole through this cover- 
ing with his rapping-iron, then the pattern will fill up with 
sand. Put in the heads so that they wiU stand a ^wA ^issjli. 
139 




PATTERNMAKING, 

unding, fasten on the staves so that the moulder ci 
knock them off, then he may pound it all over inside with- 
out doing any serious damage. You may think that a 
rapping-iron should prevent all this, but the moulder will 
rap hirf pattern where he thinks it will stick the most, re- 
gardless of the rapping- irons. 

Of course it makes all the difference in the world who the 
moulder is. Some will pound everytiiing, on principle, I 
suppose ; even the inside of the rim of gear patterns doesn't 
escape their attention; and still, when you think of some 
of the patterns they are expected to get good, smooth 
castings from, perhaps they are not so much to blame. 
Patternmakers are too apt to throw all the blame on the 
moulder, who might have made a much better casting if 
the pattern had been made to suit him. If you are to make 
a pattern for some new form of casting, better get the 
moulder's ideas on the subject and tell him what you thinl; 
about it. Very likely both will be benefited by this inter- 
change of ideas, and you can get a better casting with less 
trouble all around. Isn't it more to your credit, and ako 
to the moulder's, to get a perfect casting the first time, 
than only to get it at the second or third trial? 

You can't expect a moulder to be over- particular about 
moulding a pattern which has been constructed contrary 
to his expressed wishes. It is no more than natural for 
him to wish for a chance to say " I told you so " when the 
casting comes out bad. By keeping on the right side of 
the moulder, and perhaps feeding him a little " taffy" — not 
too much— we can make the pattern to suit ourselves, and 
thus get the credit of making the job quickly and also 
making it well, because, don't you see, the proof of the 
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pattern lies in the casting, and the moulder will make t 
casting. But I am afraid we are getting our moulding! 
done before the pattern is ready- 
Let us turn up the body of the cyhnder, keepmg the sizel 
equal to the outside diameter of cyhnder, as from a to b. 




Rg. 46, and cut in the flanges, giving at least a quarter of 
an inch depth under the size of print. If the flanges are 
to be changed, put them on with screws. After the glue 
■ has set (that is, if you use any), put the pattern back in 
lathe and finish turning. I have not said anything about 
the parting, because the figures show it very plainly — line 
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m, n, Fig. 47, In some cases it would be possible to 

mould valve-seat down and thus do away with the steam- 
chest core. Fit on the steam-chest and whatever else 
there is to put on the outside, screwing everything fast 
from the inside of pattern. Here, you see, is another ad- 
vantage of leaving the pattern open. If you covered it 
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over you would have to fasten everything from the outside, 
which would take more time and not be as good when 
done. 

You wdll notice that the core print for steam-chest— 
broken line m — has a good deal of draft on the end. This 
is to enable the moulder to set this core without disturbing 
the port cores. 

When the pattern is done, give it a coat of varnish on 
the outside and a coat of paint inside. If the outside is 
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left wood color, take pains to keep it dean, else it 
will look bad when shellacked. 

It probably isn't necessary to say that dirty vamish'. 
won't make the pattern look any better. If you put on 
black varnish it is possible to cover up a great many defects- 
Black vamish is like charity — it "covers many sins." 

I like light-colored vamish, both as regards looks and 
actual worth. It makes a better surface than any colored 
vamish can, and consequently moulds better. I think, 
too, that a moulder handles a light-colored pattem more 
tenderly. If he is one who takes good care of the patterns 
Ktnisted to him and gets one to mould that shows good 
workmanship and moulds nicely (two points which always 
go together), he will use extra care in handling it; and if 
lie is a moulder who doesn't care, and only works because 
paj-day is coming, he won't maul a light pattern so much, 
because a mark on its surface shows plainer and looks so 
much larger than the same one on a black pattem, and 
might cause him to lose all interest in the coming of pay- 
day. 

Wherever you put in a screw, counterbore for the head, 
and then you can plug it up — the hole, I mean; not the 
head. But don't make your plug endwise of wood for a 
bole which is bored crosswise. Nails should be set down 
bdow the surface and the holes filled with wax or putty. 

For a large cylinder, the body will probably be made 
without a box, so that the only thing we care to know about 
a the diameter. 

The core for steam-chest had better be made whole, for 
the top and bottom may not be alike, and a whole core is 
■jietter anyway. The core is shown in Figs. 46 and 47. 
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The bottom is first made with the valve-seat built on it; 
also the part of cylinder body which forms the bottom of 
steam-chest. The prints for steam and exhaust ports are 
shown at i, j, k. Then the four sides of steam-chest are 
copied by the four sides of box. Take pains to have this 
core-box the same length as print, otherwise the port cores 
won't come right. The top of the bos 
is to be cut to match the draft on pat- 
tern. The four sides should be fast- 
ened together by screws; then after 
removing the screws you will perhaps 
find it a great help to draw each side 
away from the core by itself. It will 
enable you in a great many cases to do 
away with loose pieces, which you 
should always strive to avoid, as they 
are a perpetual bother. Give the prints 
for steam ports plenty of draft, so that they may draw 
clean and also make it pleasant for the moulder in set- 
ting the cores. 

Now the box for port cores. If the ports in valve-seat 
are located centrally on the body of cylinder, and the steam 
ports are alike on both sides, one box will do for both cores. 
This box I have tried to show in Fig. 48, although in this 
case it would be necessary to ha%*e two boxes to avoid 
cramping the exhaust opening. The core is given an extra 
crook on the lower side to give the exhaust more room. 
To make the box, get out the top / from ^ to a on a radius 
equal to diameter of cylinder, plus thickness of body, plus 
thickness of core. Then the bottom 1 on a circle the thick- 
ness of port core less, making a joint at £ in (op and at h < 
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in bottom. The rest of the box is put on the opposite way 
of grain of wood, as plainly shown in the figure. This 
avoids the short grain you would leave at each end if you 
attempted to make the box all one way of the wood. You 
must be accurate in the dimensions of this box, else the core 
won't fit. The end of box next the cylinder should be cut 
to the circle of main core as may be seen by Fig. 47. The 
steam-chest end should have the prints formed to closely 
fit the prints on valve-seat. Care should be taken in lay- 
ing out these core-boxes, also the exhaust core-box, to keep 
an even thickness of metal all around. This core-box is to 
part at c and /. The print end of this box shows at c, where 
finish is to be left in port openings to admit of squaring 
them up. The line e, d is face of valve-seat with fim'sh 
added. The broken lines a, g show the shape of core 
through centre of box. This form is also shown in Fig. 
46. 

You may have to make two boxes, or two halves of two 
boxes, if the openings in valve-seat are not located centrally 
on cylinder. This is not usual in slide-valve engines, but 
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in vertical cylinders for marine engines with oscillating 

valves it is quite common, and for these the port cores are 

generally made in halves with the joint in same plane as 

joint in pattern. The box is built on a flat ^oard which 

forms the outside edge of core, and the sides of box ax^ cm\. 
10 
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through where the core runs parallel with the body of 
cylinder, usually at the outside end as at g, Fig, 48, so as 
to leave a piece of a length equal to the difference in length 
of the ports. This piece fits both ends and enables the 
core-maker to make the half-cores in pairs. The two port 
cores, the exhaust core and steam-chest core, are all made 
together for this form of cylinder. 

The exhaust core is another crooked box to lay out 
Starting from the square opening in valve-seatj it goes down 
to body of cylinder, increasing in width toward the opening 
into pipe. This core is generally calculated to remove all 
superfluous iron between valve seat and body of cylinder. 
I have shown this core in section across the cylinder in Fig. 
47 ; also a section lengthwise of cylinder is shown in Fig. 
46, and a view parallel with valve-seat is given in the figure 
of exhaust core-box, Fig. 49, This is a top view of exhaust 
box, the broken lines showing the shape of core as it goes 
down toward cylinder and increases in width toward the 
discharge at a. Fig. 49, This box parts vertically on line 
a, b. You should have a print on the outside of steam- 
chest to receive the end of this core, as shown by brokoi 
lines h, in Figs, 46 and 47, 

After you have completed these port core-boxes you wiH 
probably agree with me in saying that they are a crooked 
job, and also one that to a certain extent shapes itself, 
for the steam ports must not offer any unnecessary resist- 
ance to the passage of the steam, and they must be kept 
dose down to the body of the cyUnder, that the cylinder 
wall may also form the wall of port. The steam port must 
also be kept out of the way of exhaust. In short, these 
three holes are to be kept as closely together as possible. 
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and must have an even thickness of iron all around to 
insure a good casting. 

If your cylinder is to have a steam-jacket as at o, o, 0, Figs. 
46 and 47, there is also a box to be made for this core. 
Probably the most common way of supporting this core is 
shown by broken lines e, g, Fig. 46. The square holes o, o, 0, 
Fig. 47, form the connection between the Jacket cores and 
the prints for same. This jacket core is made in two, four, 
six, or eight parts, according to the size of cylinder, so that 
the cores resemble staves. Provision must be made in 
thi'q box for the passage of steam and exhaust ports through 
steam-jackets, for connecting cylinder cocks, and for sup- 
ports between body of cylinder and jacket, as shown at n. 
Fig. 46; also for any other points where the jacket core 
must be cut away. 

Make the box for whatever part of the full circle you 
wish, to the radius of outside of core, and put sides on the 
box of a height just equal to the thickness of jacket core. 
The ends must be as high as thickness of print, from g to p, 
Fig. 46. The inner surface of core to be made by a sweep, 
resting on and guided by the top of ends. 

You will also want a box for steam opening in steam- 
chest, at I, Figs. 46 and 47, and a box for stuffing-box, 
where valve-rod enters steam-chest at «', Fig. 46. The 
print at I should be long enough to balance core, otherwise 
the shape of core is plainly shown in the figure. 

For very small cyUnders I would make the port cores, 
edaust core, and steam-chest core, and possibly the body 
core, all in one, in order that all of the cores should come 
in the right places. 

The cover for steam-chest is not a very dif&c\ilX ■^MXem. 
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to make; the trouble lies in keeping it straight after it is 
done. It is evident to any one that a flat piece of wood in 
the shape of this pattern is very liable to warp. The com- 
mon way of preventing this is to screw on some pieces 
across the flat side; these arc to be stopped off by the 
moulder. A better way, and one that is usually successful, 
is this: 

Select a good piece of lumber ij" or 2" thick which has 
no shakes and has kept flat and straight while drying. 
Saw this board into strips of a width equal to thickness of 
stuff you will need to get the pattern out of. The stuff 
should be dressed down flat and straight before sawing 
up. This makes all the joints much quicker than could 
be done after the stuff is cut into strips. Lay the strips 
down side by side in the position they occupied before 
sawing apart. Suppose them to be numbered i, 2, 3, 4, 
etc., beginning at one edge of the original piece. No. i will 
be the first strip cut from the edge; place 2 on top of i, then 
3 on 2, and 4 on 3, and so on to the end. Glue them to- 
gether in this shape, and you will have a piece of stuff that 
will keep straight in places where the original board 
wouldn't stand at all. 

After this piece has been dressed to the right thickness 
put on the strip which forms the extra thickness of cover 
around the edge. When this piece runs across the grain 
of the first piece don't use any glue, because, when the first 
piece swells or shrinks, if you have glued anything across 
the grain it will tend to prevent that side from shrinking 
or swelhng with the rest of the piece, and when a board 
shrinks or swells more on one side than on the other the 
board warps. So put on whatever goes across the grain 
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of a pattern like this with nails, thus allowing the board to 
come and go, which will tend to keep it in better shape. 

This manner of constructing the pattern is for a cover 
which is simply a fiat piece of iron. If it has ribs running 
aaoss it perhaps these may be in such shape as to keep it 
flat without any further precaution. 

The valve shown in Fig. 50 is a plain D-valve, and can 
be made to leave its own core by making the pieces which 
form the shoulder at c, c loose. To make the pattern, get 
DUta piece of stuff having a section like a and long enough 




■way around the pattern at the lower side, then you 
Stre the comers and glue the whole together on a flat 
s. After the glue has set, nail the joints. Get out 
the piece which is to form the face, leaving the parts marked 
c, as they must be loose. 

This part forming the face had better not be mitred at 
the comers; cut the sides between the ends, thereby cut- 
ting a gain in the side pieces. The loose pieces will be held 
in place by the tenons and shoulder. If this loose section 
extends all the way round, leave a good shoulder as at c, 
then mitre the loose pieces at the corners, then when all 
are in place they will support themselves. In case it is 
considered best to make this pattern with a core for the 
inside, I would make it solid, putting on a prin^. aXftieVsV 
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torn about i* thick. Make the core-box with a joint a 
upper edge of flange on lined, d, not forgetting to put a piece 
in box to form that part of the sleeve for valve stem which 
shows on the inside of valve. The core prints for the valve 
stem should be carried down to the body of valve and given 
plenty of draft, then make the core-box so that the core will 
fill up the prints. 

The piston, as I have shown it, is made all in one piece' 
and cored out. This, I suppose, would be condemned by 




Fig. 51. 

some builders, who would prefer to make the piston in two 
parts and bolt them together, which would also do away 
with the necessity for a core. 

Glue up the ring to form pattern in cants or segments, 
cutting the heads into the ring on each side, turning a recess 
to receive same, and putting in some pieces across the grain 
of beads, between them, to support them. Now put on 
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four prints to support core, placing at points marked a in 
Fig- 51- 

If the supporting partitions in casting are put in in the 
shape I have shown, the core will be all in one piece, and 
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can be supported by four prints, as I have shown. If the 
partitions are carried completely across, thus dividing the 
core into segments, then each segment must be supported 
by from one to three prints. As the holes made by prints 
in castings have all to be tapped out and plugged, the fewer 
holes the fewer plugs to fit in. 

Make your core-box by building up a ring in cants on 
a good bottom piece which is thick enough to get in the 
length of prints. After the ring is turned out, space off 
and cut the four holes which will form the prints on cores. 
Then fit in the radial ribs, as shown in Fig. 51, and your 
core-box is done. Fig. 52 is a section of piston. 

If the core is divided by ribs into segments the core-box 



Fio 53 
will also be only a segment of the whole core. The hoi 
for piston-rod will require a core-box. 
The cylinder-head. Fig. 53, should also be glued up ii 
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cants, putting the inner side next face-plate. In gluing 
up, and when you get to the right height for putting in the 
outside head, turn off the face of cants, cut a recess to re- 
ceive the head, and, after fitting it in, glue on the flange in 
three courses of cants. I always try to put not less than 
three courses of cants in any piece for a pattern, as one 
course is really no better than a ring made of one piece, 
and two courses won't stay in shape, therefore three courses 
is the least that you can put in and make a good Job. 

This cylinder-head is shown cored out in the same shape 
as piston. The prints for supporting core will probably 
be located on the inner head, and the core box should be 
made in the same way as box for piston. If the cylinder 
is a part of a tandem compound engine, the head would 
have a stufiing-box and gland for rod connecting to the other 
piston. 

The gland for stuffing-box on steam-chest for valve-rod 
will require no explanation. 
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CHAPTER V. 

ONE WAY OF liAKING A CROSSHEAD. 

I WAS going to tell where the pattern shown in the figures 
was made, but I will leave that out and only say that I was 
given the pattern to make from a blue-print of the finished 
piece, and was given all instructions necessary as to finish, 
core prints, etc., and was also told that it was to be made 
in a three-part flask. 

Although there had been other sizes of the same piece 
made, which I had seen in a general sort of way, I couldn't 
for the life of me tell how it should be made for a three- 
part flask; but I could see very plainly how it could be 
moulded in a two-part flask, and after some further talk 
it was agreed that it should be so made. 

It was required to mould the flanges a, b down to keep 
them as free from dirt as possible. The centre pin was to 
have a hole cast through it, for oiling, I believe. The 
piston-rod socket was to be cored through, as shown by d 
in Figs. 55 and 56. 

Fig. 54 is a section through lines ;, k; Fig. 55 is a section 
through gf A, Fig. 56 a section through e, /, while Fig. 57 is 
a section on lines passing through rod end. The letters 
refer to similar parts in all the figures. Outlines of core 
prints and partings are designated by dotted lines. 

Get out the two flanges a, b to the width shown in Fig. 
54 at i, and across one end — the end toward cylinder; fit 

153 
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a piece having a width equal to the distance from / «l 
Fig. 56, and thick enough to reach from the lower side of 
flanges up to the centre line e, j, Fig. 54. This piece should 




I 



Fig- 54. 

be long enough to reach across the flanges, and should be 
cut into them half their thickness. The side of this piece 
toward centre pin is then to be cut away, as shown by 
dotted lines between d and n in Figs. 55 and 56. 

The sides of the crosshead arc then gotten out and fas- 
tened together by that part of the piston-rod end of pattern 




which is inside the end of flanges at /, m, Fig. 56. This 
piece must be fitted into the recess cut in lower half at n. 
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The sides must be placed a little further apart at the top 
than the bottom, to make the pattern draw nicely. Don't 
make too much draft as it will make trouble for the 
moulder in cutting down to centre of pin, and also make 
the casting look bad. The outside of side pieces may bg 
nearly square. Now get out some fillets as are shown 
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aboveaand 6, Fig. 54. Theyshouldbemadeof hard wood 
in order to preserve the edge which meets the flange, and 
is liable to be broken off, as the parting is made between 
the fillet and the flange. The fillet is made in the shape 
shown for the same reason. 
Then the centre pin c is turned up as a split-pattern, 
^^K facing pieces, which also form the shoulders at each 
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pieces. 
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end of pin, to be made separately and in halves. Their 
thickness must be such as to allow for the draft on side 
Here issomething that it will pay to remember: If 
we make the draft on these shoul- 
ders, from the pin to their circum- 
ference, equal to the draft on side 
from centre hne e, f to the top, 
then after these pieces are fastened 
to sides they may be planed off 
square with the centre of pin with- 
out destroying the draft, and thus 




Fig. S7- 



making it easy to cut in the centre pin, and it makes a 
neat job. The dovetails shown each end of centre pin 
should be cut through to the bottom of flange and well fast- 
ened to the flange, as they are all that keeps the lower half 
of pin, to which they are also fastened, in place. 

That portion of the rod end of pattern which projects 
beyond the ends of flanges may now be turned up and 
fastened in place, making it in two pieces, parted through 
the centre. This pattern needs no dowel-pins and is now 
ready for the core prints. The one marked o may be 
made with the end of the crosshead; the one at n should 
run down to the parting at top of flanges or wings. The 
prints at each end of centre pin should also run down to 
the flanges. 

This looks like a crooked piece of work, but in reality it 
is very easy to make, and the moulders were very much 
pleased with it, and consequently the casting looks slick 
and clean; in fact, all the sizes which had previously been 
made for three-part flasks were sent for and changed to 
mould in .the way I have shown. 
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There are two core-boxes to make for this job. Fig. 58 
is the box for piston-rod socket, and is tapered as shown, 
with a recess at one end — the smallest end — that the core 
may fill up the print in mould. Fig. 59 is the box for centre 
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Fig. 59. 



pin. This box has a recess at both ends to fill up the 
mould. Don't forget to leave a comer at a in both ends 
of box corresponding to a section of the fillet between 
sides and flanges, thus making the core so that it wiU leave 
intact the fillet between sides and flanges on casting. 



We sometimes get the whole design to work from; then 
we have smooth sailing, because we have comparatively 
no responsibility beyond what wc have in the construction 
of all patterns. When we have given us the pitch, number 
of teeth, and are expected to furnish the rest, if the casting 
comes out right the "boss" gets the glory, and if it doesn't 
come all right we must shoulder the blame. Isn't that 
about the way it works ? 

As we always find out the size of tooth first, we have 
that to start on. Now let us make the rim with a section 
equal to section of tooth at pitch line. Give it plenty of 
draft (one side must cope out, you know), and add the rib 
inside rim, shown by Fig. 60 in section. The arm I 
should make straight and with a rib on each side, having a 
smaller section than the rim. Fig. 61; then let the arms 
taper to a size at the hub that will give them the same 
strength in proportion to the strain as the outer end of 
arm. The arm is to be of the same thickness as rib shown 
inside rim. 

The edges of arms and the rib inside rim are not rounded, 
but the section shows a point. This gives the moulder a 
guide for the parting, and the casting will look better than 
when the moulder puts on this edge. 

Commence with the rim, so regulating the thickness of 
156 
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es as to have a joint come up to the top of arms. 
this course is on, turn up the rib as near the finish 
isible. In the time between coiu-ses, and as it is best 

to wait for the glue to dry, and not use nails, right here let 

me say that it is nearly always possible to wait for the glue 

to dry in laying up courses. 
There is on most jobs other stuff to get out. If your glue 

is right and the weather is right, you need not wait over 




Pio. 60. Fig. 61. Fig. 6a. 

thirty minutes for any Job. I have faced off a course that 
had been on only ten minutes, and didn't put any nails in 
the glue either. Next get out the arms. 

If the arms are pretty heavy and of an even number, 
and you think best, you may lock them together. I 
wouldn't do it, for I don't think it any improvement, unless 
it is a case where it is impossible to fasten the hub on one 
side. I should butt the arms together, glue them, and 
screw fast to lower side of hub. Cut them into rim, leav- 
mg enough wood outside the ends to make it substantial. 

I know that some may object to putting in the arms 
permanently, for the reason that they may wish to put in 
a heavier or a hghter set ; but if the arms are properly pro- 




i6o PATTERNMAKING. j 

portioned, they are not only the most suitable size, com- . 
pared with teeth, but arc also of the right size to make a ; 
good casting. If they are matie larger or smaller, there 
will be a strain that will tend to weaken it, and perhaps' 
draw it out of shape. 

Better make the arms straight. Crooked arms don't 
look as well and are not as strong. Some set the arms as 
tangents to the hub. This, they say, gives them a chance 
to relieve the strain of unequal shrinkage by twisting the 
hub. The arms may be straight, and the shrinkage won't 
hurt them if they are made by a good moulder. If the 
arms don't come full up to the top of last course, fill up 
the space with wood, then finish gluing up the rim. 

In turning the rim, be careful not to cut the arms half 
off, because it would weaken them, and don't re-chuck 
your wheel until the teeth are fastened on. 

We are now ready to put on the teeth and will make up 
our minds as to how we do it. The oldest way, perhaps, is 
to put in dovetails, and the best I can say for this method 
is that we should always respect age. We are not obliged 
to do as our fathers did. I know of one firm that uses a 
good deal of gearing and they won't have any dovetaib. 
They say that it takes too much time; besides, it is liable 
to spring the rim. I agree with them as to the expense, 
and I would just as soon have them put on in some cheaper 
way. In fact, where it is possible, I would just as soon 
have them put on solid with glue. 

I presume the idea of using dovetails was originated to 
overcome the difficulty of drawing the teeth all together. 
If one tooth stuck, the moulder could draw it by itself. 

If you had made your wheel so that the teeth were not 
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parallel with each other, the moulder would be able to 
draw them one at a tune m diflferent directions, as circum- 
stances demanded, and so he would be able to mould your 
wheeL As to the value of casting, I won't say, because the 
patternmaker might be near. Again, if the patternmaker 
is competent to make a pattern so that the teeth and dove- 
tails are in line, isn't he capable of making the whole wheel 
so that it will draw all together? 

Perhaps it will take a little longer to work them if they 
are glued fast, but it will save time on the whole. I can 
work the teeth about as quickly as I can put in the dove- 
tails. K they are glued on it holds 
the fillet at root of tooth. Another 
way to save this fillet is to put them 
on like Fig. 63, using dowels and p^^, ^ 

screws. 

I have put on teeth with screws alone. If you should try 
this way, don't forget to mark with a knife across the tooth 
and rim at each side of wheel before taking them off to 
work, and you will need to be very particular in replacing 
them or you will destroy the spacing. 

I should use two dowels and one screw for Bnythmg 
under 6" face; above that use more screws. Somewhere 
I have read or heard about working teeth in long strips, 
cutting them up to length and nailing them on. This 
method is only excelled by the man who saws them out of 
the solid wheel and finishes them with sandpaper. Both 
ways might suit some people. There is no accounting for 
tastes. 

Having the teeth fastened on, finish trimming and mark 

the pitch line. Don't make a line a sixteenth of an inch 
II 
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wide, but first get a good surface by means of shellac and 
sandpaper. Then, using a fine, sharp point, make a line 
as fine as possible, taking your eyesight into consideration. 
If you want a line for centres, make that also in the lathe. 

Now you come to what I consider the most important 
part of the whole Job, spacing round the wheel. Don't 
try to do this without first putting a fine, sharp, round point 
on each leg of your dividers. A three- or four-sided point 
won't work well, and if the point is not central you cannot 
space twice around your wheel and come out the same. I 
think a pair of dividers with movable points best, because 
you put these points in the lathe and sharpen them i^ 
nicely. Don't use a pair of dividers that are too small, 
because the points will stand at an angle so great that it 
will vary the spacing. 

You may test them as follows: Step off two or three 
spaces (to get the motion) on any straight line, then before 
setting down the point for the next space mark a short 
arc ; step once more and move the dividers as if for another 
step, but simply make the point mark the space, then, 
turning back once, strike a second arc through the point 
occupied by the first arc. If the two arcs just touch with- 
out intersecting, your dividers are in good shape, and are 
large enough. If they are too small the arcs will neaily 
always intersect. 

Space round your wheel, being careful to set the points 
down exactly on the pitch line. Don't bear on too hard — 
just enough to keep the points from slipping. How did 
you come out ? I have been so fortunate as to come out 
right the first time, but this doesn't occur very often, I am 
sorry to say. 
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If you come pretty near it, perhaps you may correct the 
space by giving your dividers a rub on the oilstone. If you 
fall short rub them inside, and if you overrun rub the 
outside, 

I have always been foolish enough to correct the space 
by means of the spring and screw which are found on most 
wing dividers. I presume I have been obliged to space 
four or five times around the wheel, when I might have 
struck it right the first time by resorting to the oilstone, but 
after I get good points on my dividers I am anxious to keep 
them so, and I have always been able to come out right by 
means of the screw. 

In spacing a rack, don't try to set the dividers exactly 
by a rule, but supposing the pitch is i J", measure off a foot 
exactly, and then make your dividers cut it up into eight 
spaces, I suppose that you can lay off a foot with no 
greater error than you would in laying off ij", and the 
error would be divided into eight parts, so you would get 
your i^" laid off only one-eighth the original error too 
large or small. 

Another thing I do is to leave off the centre mark on 
each tooth. Make your spacing marks where one side of 
the tooth is to be, then by setting off the thickness of the 
tooth you have all the points necessary. 

Perhaps I needn't tell you not to alter the dividers you 
set off the pitch with until you have spaced all the wheels 
of the set on both sides, if they are spur-wheels; for bevel 
wheels it doesn't make so much difference, because they 
may be corrected in fitting up. If bevel wheels are laid 
out on both sides of the teeth and worked by these lines, 
they will be wrong in ninety-nine cases out of a Kvmdsed., 
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and the one other which comes right is only a stzeak ol 
luck. 

You must be very particular in squaring across the &oe 
of spur wheels or the two wheels will touch on but ow 
side. Don't trust to a try-square, but lay your whcd 00 
a flat surface and use a right angle, and after making o« 
mark turn the angle round to the opposite side and make 
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another mark. If the two lines are not parallel, the right 
line will bisect the space between the two. 

There is another way of squaring across which works 
equally well for spur or bevel wheels. 

If you have no flat surface large enough to lay your 
wheel on, you may square across by the method shown in 
Fig. 64. Let the figure represent a portion of the circum- 
ference of wheel, c the point you wish to square from. 
With a gauge, mark the line a 6 as near one side as you think 
will support your dividers. Taking c for a centre, strike 
two points a and h with the same radius. Using these 
points a and h for centres, strike the arcs seen at d. Now 
a line drawn through the point c and the intersection of 
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the arcs at d will be square with line a b. This method is 
qually good for bevel wheels, but for these it is better to 
use the instrument shown in Fig. 69. 

For the draft ■^'^ is sufficient for 6^^ face; this makes the 
tooth -^'^ smaller on the bottom and the space that much 
larger. The clearance is governed by the pitch and the 
place the wheel is to occupy. A very good rule for the 
dearance is to take ^ of the pitch for the tooth and the 
remaining ^ for the space^ making the tooth the draft 
smaller. 

Draw lines across the top of teeth at every tenth or 
twelfth tooth and test them to see if they are square. 

Space aroimd with the same dividers you used for the 
first side, as the pitch circle should be of the same diameter 
on both sides of the wheel. It is a pretty good test of your 
skiU in spacing to make the spacing come out right without 
any alteration of the dividers. 

Now you want a stiff pair of dividers to lay out the teeth 
after locating both sides of the tooth on the pitch line. In 
marking the outline of tooth turn your dividers in the same 
direction for every tooth, and don't bear on too hard. If 
you have first made a good surface with shellac, you will 
be able to see a pretty fine hne. If you work with sharp 
tools, you don't actually need a line any wider than the 
edge of your tools. This would not be visible, so we will 
make it just wide enough to be visible. 

If you take oflF the teeth to work them, you will very 
likely be able to plane them out. Don't try to make the 
fillet at root too thin on the side next the rim if the teeth 
are not glued on. Unless you make the fillet hke Fig. 65, 
instead of trying to make the full quarter of a cvtda ^<3ViL 
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had better leave it off altogether, for you will make a bad 
job with too much fcathcr-edge when you strike a tooth 
that is a little cross-grained. Some makers never put in 
any fillet, but I think that it not only strengthens the tooth, 
but also makes it easier for the moulder. It is very hard 
to prevent a sharp comer of sand from wasting. 
The fillet shown in Fig. 65 gives an exaggerated example 

nof the kind. In practice I should 
make them much nearer to the 
quarter circle. 
In working the teeth, don't leave 
' all of the line on one side and cut 
: all oS on the other, for this is 
pjQ g- wrong and makes the same trouble 

that uneven spacing causes. 
As I have said so much about uneven spacing, let us 
experiment a little and sec how a pair of wheels which are 
spaced badly will work. Let us first locate the bad places 
and number them like this : 

1. A thick tooth. This makes the space on each side, or 
it may be all on one side, small. 

2. Three or four short spaces, where you crowded the 
dividers a little, to make the spacing come out right (?). 

3. Two small teeth and a large space between. 
These faults are in the pinion or driver. In the driven 

wheel we find one very thick tooth, (I have seen a case 
so bad that the spacing and working together had made a 
difference of yV" i" the thickness of teeth at pitch line.) 

The two wheels are fitted up and ready to run. Turn 
them slowly around and notice how the teeth mesh together. 
(In this case it would be more appropriate to say "raa^.") 



MAKING GEAR PATTERNS. 



167 



LNtii is on the line of contact and is the only tooth that 

l^fies, and will be until it is worn off to the correct size. 

P^z starts in and crowds the driven wheel faster as each 

' of the short spaces conies up to the work, but if you look 

skarp you will see that each succeeding tooth takes all of 

the load upon itself, pushing the opposite wheel away 

Ll^Bd of the preceding tooth. This will make the wear 

nSlUBB part of the wheel excessive and will give the driven 

1 wid an uneven motion. It will also tend to throw the 

whole error on the first correct tooth, and if that big tooth 

on the other wheel should strike one of these short spaces 

I presume something would break. You didn't notice that 

big tooth when it went by, because it went into the large 

space, No. 3. If you will figure how many revolutions it 

will take to bring it into contact with the short spaces, you 

can tell about how soon you will be obliged to put in a 

new wheel. 

One way to help this uneven spacing is to give lots of 
dearance. This may be done in the pattern, or perhaps 
some kind-hearted machinist or millwright who sets up the 
job will spread the wheels so far apart that the only danger 
will be that they may slip out of gear. 

Another way is to cut the teeth similar to the teeth of a. 
cross-cut saw. It would be almost impossible to break a 
tooth of this form ; but the bearings of the shaft would re- 
quire a good deal of attention and grease, I think. 

After you have worked off the teeth without spoiling a 
single tooth, and each and every one is cut right to the centre 
of the line, you will be pretty apt to think that you have got 
a good Job. So you have ; but let us try them with a pair of 
calipers, or, better still, with a gauge. Cut a piece of hard 
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wood, J* thick, like Fig, 66, After making the distance 
from a to b equal to the depth of tooth below pitch line, 
saw from one side two thin pieces. These may be used as 
calipers by putting on a small handscrew. You can take 
two teeth and one space, or by turning the pieces both the 
same way you can take one tooth and one space. Don't 
be discouraged if the gauge shows a variation 
in the sizes of teeth and spaces, for this is the 
common failing and the greatest fault of cast 
It may, and probably will, be only a 
shght variation. 

Let the end b of the gauge go to the bot- 
tom of the space. Then if you find the 
teeth and spaces are all equal, you 
have got a good job. Be careful 
not to spoil it by sandpaper and 
varnish. Use a stick planed to fit 
the tooth for sandpapering, and put 
on the varnish very thin, 
ric. 00. rpj^g ^fjggi ^iu ^^^g (j,g moulder 

happy, and produce a good casting if one good moulder 
does all the ramming. 

If two or three moulders each ram up a part of the 
mould, you will probably find as many different sizes of 
teeth on the casting as there were moulders on the mould. 
This is nothing to the discredit of the moulders, who may 
all be good men, and still there will be a difference in their 
work. Any one of them would produce a better casting 
alone. But we wUl let the moulders make their own | 
mould; we have done our part of the Job. I 

In regard to the hub : I depend on the lower half tohcdd 
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the arms together, and as the hub is g#erally deeper than 
the rim, if it is made fast to the spider it will be in the way 
* when you wish to lay the wheel on a f ollow-board to mould. 
To remedy this, and at the same time support the arms in 
moulding, I cut the hub off even with the rim. The rest 
of the hub is loose with the core print. Make that part of 
the hub which is fast as small as you will ever want for a 
hub on this wheel. When you want a larger hub, fit it 
over this piece. 

When making calculation for the clearance of teeth, you 
had better get the moulder's ideas on rapping patterns, for 
you may find it necessary to allow a little more clearance 
to enable him to get in his ideas on the subject. 

In allowing draft on the teeth, remember that a mould 
will usually strain a little at the bottom. This, of course, 
will make the casting have less draft than the pattern. 

SPIRAL AND V GEARS, AND WORM-WHEEL PATTERNS. 

I am aware that it is the usual custom to true up the 
teeth of V gears to a straight-edge, or sometimes by a bevel, 
which is worse yet, because it is impossible that the tooth 
should be correct and have a fixed bevel fit it at more than 
one point on the face. 

Did you ever try to grind a plane-iron on a stone that 
was cut down low in the centre ? Well, in trying to get the 
edge straight you had to hold it at an angle with the side 
of stone; then doesn't it follow that you would grind the 
iron hollowing if the stone had been true and you still h*eld 
the iron at an angle ? In the last case, would not the edge 
of the iron be the same as the line formed ty th^ ml^i^^^- 
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tlion of the face of^tooth, placed at the same angle as the 
iron was held, and the rim of the wheel or pinion? Does 
not this show that you cannot true up the teeth by a 
straight-edge? Now, I propose to illustrate a way of get- 
ting around this difficulty in, as I believe, an original and 
accurate manner. 

Let Fig. 67 represent half of a V-gear pinion of these 
dimensions: 2" pitch, 6" face (the Fig. is 3" face); the 
angle or depth of V 2". These dimensions are simply to 
save time and ink. To avoid confusion only one tooth is 
shown. 

After the teeth are turned up and laid out on both sides 
(by the way, mark the centre in the lathe if you haven't 
already, and drive a wire nail in both sides), then make 
your template as follows : You will need a piece of stuff 5' 
long, 4" wide, and 2" thick. Plane one side flat as /, g, k, 
then cut the block as shown by broken lines, making the 
curved side with a radius equal to radius of pitch line on 
pinion, having the edge / in a radial plane. Then make 
the piece k lY wide, J" thick, and 3" or 4" longer than from 
the centre to top of tooth. The edge which is to be placed 
against the pinion should be beveled so as to touch the 
wheel only at the side next c. 

This should be fastened to the block already made by 
screws nicely fitted, so they may serve as dowels. Place 
the thin edge of k and the curved side of the block at right 
angles. After the right position has been fixed by the 
screws mark across the block along the beveled edge of k, 
thfen remove k, and draw a line across the curved side of 
block to meet the hnc across the edge / and square with /. 
Make another line parallel to and 3" away from this first 



I 



MAKING GEAR PATTERNS. 



171 



line. Lay off on second line 2" from /, and draw a true 
ipiral line from this point to where the first line meets / ; 
work off the block to this line, which will be practically 




Pie. 67. 

' like the edge of plane-iron when the stone was true, shown 
1 the figure by the curved line a b. The rest of the block 
may then be cut away so that it will go between the teeth, 
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only being careful to preserve the angle on line a 6. This 
line, in my opinion, is the correct shape of face of tooth at 
pitch line. 

The template will of course be correct only at pitch line, 
being a little too full toward the point and a little too flat 
nearer the root. 

For a worm-wheel the block would have to be curved 
on hne ^ A to fit worm. If the teeth are to be formed in a 
core, place a temporary centre to hold the arm k against 
If a large wheel with arms, better put them in before you 
turn up the teeth to guard against any possible change in 
the shape of wheel. You always work exactly to the 
centre of a line. So if you would do an exact piece of work, 
get your lines exact. 

Sometimes one wheel of a pair gets broken, and the 
patternmaker has nothing to work from but the remaining 
wheel and, perhaps, the number of teeth in broken wheel. 
In order to make a new pattern, it is necessary to know the 
pitch, number of teeth in each wheel, and the width of face. 

If it is known how many teeth the broken wheel con- 
tained, figure the diameter by the number of teeth in each 
wheel and make your drawing from those figures. The 
bevel will remain the same for any pitch if the number of 
teeth in each wheel remains the same. 

If the number of teeth is not known, then very carefully 
measure the wheel to be mated at the point of teeth o b. 
Fig. 69. Lay this down; then take the width of the face 
with your dividers, and from centre a describe arc c d. 
Next, take the diameter of inner points of teeth as on line 
e f. Draw a line from a through the point where this 
diameter intersects the arc c d as B.t e, and continue it to 
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tlie centre line of wheel r. This will give the bevel of top 
of tooth on the wheel to be matched. To get the bevel at 
pitch line, and also the diameter, strike from a another arc 
with a radius equal to half the working depth of tooth. 
This can usually be determined by the wear on teeth, or 
perhaps by the dirt and grease which has been rammed 
into the bottom of space by teeth on opposite wheel. In 
the cut, the radius of this arc will be the line a h. Draw a 
line through h to the point o, which is the centre of the pair 
of wheels; then draw another line at right angles with k o, 
and passing through a. Then will the intersection of these 
two lines at the point ft be the pitch Hne of the pair. 
From o draw line o t to show the line of shafting to which 
the required wheel is to be fastened. This may not always 
be an angle of 90°. Draw another line from k to i and 
at right angles with i. This wUl be practically the radius 
of required wheels, but may be further corrected by the 
pitch as found by diameter and number of teeth in oppo- 
site wheel, 

A very simple way of laying out the shape of teeth is 
shown by Fig. 68. If this doesn't give the best possible 
shape to the teeth, it has the advantage of always having 
the centre fall within the points of teeth, and is easily 
worked off with less liability to error. Now, I consider 
the spacing of the teeth of the first importance. When this 
is destroyed by trying to follow some shape made up of 
more than two simple curves, and consequently difficult to 
lay out and work accurately, it is sacrificing practice to 
theory. This applies to spur wheels also. It is also essen- 
tial that the face of teeth on spur wheels should touch all 
the way across the face. This is usually accomphshed by 
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making the draft on each wheel of a pair equal, and thea 
in fitting them up, one is reversed. This is usually ar- 
ranged by the designer or draughtsman. To make the 
teeth of bevel touch across the face they must be so worked 
that a hnc drawn from any point on the outline of tooth at 
the greatest diameter to the centre should touch the tooth 
across the whole face. By means of the instrument shown 
in Fig. 69, this may be done very accurately. 

In this tool, the rod 5 should be perpendicular to base k. 
The collar / is made to shde on s, and is clamped by screw 
m; there is another collar n, which is always free to revolve 
on J. This has a pin on each side, one of which is shown 
at o. These pins should be central and at right angles 
with s. This forms a joint, allowing the straight-edge ^ 
to move up and down over the face of tooth. The trial side 
of straight-edge should he in a line which runs to the centre 




of rod s and also to centre of pin 0. In use, the instrument 
should be made fast to the spider of wheels by screws 
through the base k. Of course the spider should be true 
with the rim; then locate the pin by the line across its 
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centre at a distance equal to the radius of opposite wheel 
above the pitch line, and fasten the collar /. The rod 5 
should of course be in the centre of wheel and may be so 




Fig. 69. 

placed by the circular base. Then the straight-edge is free 
to move all around the wheel, and if you work oflF the teeth 
so that it will touch the whole surface you will have a pretty 
good wheel. 
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CHAPTER VII. 
PBOPELLEB WHEELS. 

I don't propose to go into any scientific discussion of the 
merits of different-shaped blades, straight or increase pitch, 
or any of the other points, good or bad, real or fancied. 
I am going to try and tell how to construct a pattern for a 
given pitch and diameter. As the same general directions 
will apply to all wheels, let us first consider a plain straight 
pitch — say, a wheel 8' diameter and 12' pitch. By 12' 
pitch I mean that the wheel would advance 12' during one 
complete revolution if there was no slip. Imagine, if you 
can, a bolt 8' in diameter having a thread of so steep a 
pitch that it makes but one turn in 12'. Cut a segment 
out of this thread and you have the blade as stated. This 
bolt, if turned in an iron nut, would advance 12' in one 
revolution, but in the water there is always more or less 
slip, as it is called, or lost motion, owing to the yielding of 
the water, which is the nut for the wheel. 

We shall want a drawing first, showing the pitch, shape 
of hub, and thickness of blade at different points, although 
the thickness can qnly be located positi\-ely at all points 
when the outline of blade is known. Some designers wait 
until the face of wheel is worked off before laying out the 
of blade; so it is customaiy to allow plenty of stuff 
the back side, that the thickness of bucket may be so 
located, after the outline is given, as to give the best back- 
ing qualities consistent with strength. 
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Let the curved lines a b, Fig. 70, represent the full size * 
and shape of hub desired, and the parallel horizontal lines 
c d show the courses of pattern ; then draw lines showing 
the pitch at different points. 
The line e f gives the pitch at 
extreme length of blades, g h 
at the point where the fillet be- * 
tween blade and hub begins; 
You may draw as many more 
between these two points as 
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Fig. 70. Fig. 71. 

you think necessary or as the shape of the blades requires. 
This is not necessary for a straight pitch, as it can be 
taken from any point. 

Now get a piece of stuff for a templet and dress to a 
parallel thickness equal to the thickness of courses in pat- 
tern. Having determined the centre point {i, Fig, fil. 
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draw a circle, a, smaller than the hub, yet large enough to 

give sufficient strength around the hole for a spindle, shown 

by the small circle, b, used in moulding. Draw a radial 

line, b c; this is the face of wheel. Measure off on this line 

four feet from centre, b, and cut off the end of templet to 

this length. Now set a bevel on the pitch at circumference 

of wheel, as shown by Une e }, Fig. 70, and lay this off on 

end of templet, as at a ft, Fig. 72. Then measure thickness 

„ required at this point, as c, and draw an- 

O / other Une parallel with a b. This last line 

«|^^^3 determines the width of stuff necessary at 

this point, as c d. Fig. 71. By the same 

operation we may find the width at any 

point and thereby get the shape of back edge of templet, 

adding as much as you like to chop off again. 

You may now cut up the stuff for one bucket, which is 
all that is usually made, as the moulder makes the two, 
three, or four buckets, as the case may be, from this one 
pattern by swinging it on its spindle and making as many 
flasks as wanted. You can count up the courses necessary 
on the drawing, and it is a good plan to have them num- 
bered. The stuff can be cut pretty nearly the shape de- 
sired, which is the shape of templet, Fig. 71. 

In cutting up the stuff, see that the grain runs out toward 
the face and point, as you will chop off the wheel from the 
hub toward the point, so the grain should run in the same 
direction as line e j on templet. 

We will now lay out the first course, having dressed the 
stuff to a parallel thickness and out of wind. Get it out 
the same thickness as in drawing, Fig. 70. If the stuff is 
thicker than shown on this drawing, and is laid out by the 
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templet, it will be too narrow; and for the same reason, if 
the stuflF is dressed too thin, it will be too wide. 

Turn the piece for course, bottom side up; then lay out 
a drde the full size of hub on line between courses one and 
two. From the centre of this circle draw a radial line b c, 
Fig. 73. This line is the face of bucket. For the back 
face lay on the templet, being sure to have the centre coin- 
cide with the centre of course. 

A good way to accomplish this is to bore a hole ^^ diam- 
eter through the centre of templet and also through the 
centre of each course, then use a piece of wire that will 
fit this hole to centre each course. Now bring the face 
of templet to the radial line b c. Fig. 73, and mark the 
width at circumference. The width at line g A, Fig. 73, 
will be seen at c d, Fig. 75. The pitch at this point is 
shown by line g A, and the general outline of back side 
of blade by curved line g i h. As the blade tapers in 
thickness from this point to circumference, the line of back 
should be curved from this point to end of blade like e. 
Fig. 73. Lay out the fillet between blade and hub as at / 
and ky draw a line b m from centre of hub to centre of fillet; 
draw another circle the same diameter as end of hub. 
Then cut this course to the full lines. Fig. 73; mark the 
pitch and thickness on end of course as shown on end of 
templet. Fig. 72. 

The pitch at any point between g h, Fig. 73, and circiun- 
ference may be found as follows: Let g h, Fig. 75, be the 
pitch at g A, Fig. 73, and e } the pitch at circumference, ; k 
the centre line and ^ e parallel with ;' k; now divide the 
two lines g «, Fig. 75, and g c. Fig. 73, into an equal number 
of parts, a\ a*, a", a\ and 6*, 6', 6', 6*. Now a line dt^.ym. 
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from centre p to 6* will show the pitch line at corres^ 
point on first course as at a. 

The first course is now ready except boring the hole f 
spindle. Be careful and bore this hole square through t 





Fig. 73. Fig. 74. 

course and large enough to fit spindle. The point I, F 
7j, is located by the number of buckets ; if for four, the d 
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tance / m is a little less than one-fourth of the circum- 
ference. 

Now we have on this first course lines showing the end 
of hub, the face of blade, the fillet connecting face of blade 
with hub, also the outline of hub on joint between one and 
two courses from / to m. 

For the second course, having dressed the stuff, lay on 
templet and bore small hole through centre; mark along 
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the face of templet and around the hub, also the width at 
circumference. Then remove the templet and draw a 
circle the size of hub on line between second and third 
courses; lay out the fillets and get the width on line g h, 
Fig- 74> a^ from m to w. Fig. 75. Now from the point w, 
Fig. 74, which marks the intersection of fillet and hub, lay 
oflf a distance equal to m /, Fig. 73 ; draw lines from m and /, 
Fig. 74, tangent to circle a, then you have iba ^^cotA 
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course, Fig. 74, Bore the hole for spindle and mark the 
pitch and thickness on end of course. 

Turn up a hardwood plug or arbor to fit the hole bored 
for spindle, eight or ten inches long. 

Lay the two courses now cut out together, pushing the 
plug through both, then moving them until the face of 
second course exactly coincides with the point where the 
pitch line on end of first course meets the top surface of 
course. Then glue them strongly together, using plenty 
of hand-screws. 

While the first joint is drying we will lay out another 
course, getting the dimensions necessary from Fig, 70, 
always laying out the course on bottom side. 

After the first joint has dried we will put on the third 
course the same way the second was done. It is a good 



1 




Fig. 76. 



plan to Start by fastening the first course to a pair of tres- 
tles ; this keeps your work up level and gives a good chance 
tor the hand-screws. When it gets up too high, shift it to 
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e floor, always putting on one course at a time, and re- 
membering when we get above the centre to take the 
radius for line / m, the size of hub from line between 
courses 7 and 6 for seventh course, instead of on line be- 




FlG. 77. 

tween 7 and 8, as was the rule below the centre. It will be 
seen by Figs. 76 and 77 that it requires two short courses 
above what is necessary for the length of hub; Fig 77 shows 
the width of these courses so plainly that I don't think it is 
necessary to say anything further about them except that they 
are to be glued down on a radial line the position of which 
is governed by the width of courses at the end of blade. 
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It is well to try the wheel three or four times when glu- 
ing up to see that the courses or joints are kept paralld 
with the first course laid down. If you allow them to run 
out of parallel lines your wheels will 
be crooked. 

The job as it now stands will look 
hke Figs. 76 and 77 with the courses 
market! x and j" left off. 

Now let us see what the result 
would be in case we had used the 
modification of a straight pitch, as 
shown by lines t k and / 0, Fig, 70. 
We will lay out the first course, using 
these lilies. Lay off the hub as before, 
lay on the templet, and draw the radial 
line b r, Fig. 78. 

Measure with a pair of dividers on 
line, bottom of first course, the distance 
between line g k and hue i k; set this off on hne g h. Fig. 
78, toward g ; then draw a straight line froni end of course 
at r to the point just marked on g h. Again, take the 
distance between i k and / 0. Set this off toward g from 
the last point found of this line. Now you should have 
a templet the outline of which at face of bucket should 
start with a curve suitable for fillet and from this should 
run to a straight line, like Fig, 81. This is used to lay 
out that part of the course between the straight line at 
i. Fig. 78, and the fillet at /, and is placed so that it touches 
the straight line i and runs through the point o. This 
pomt is located by the distance of curved line / o. Fig. 70, 
from the straight pitch line g h, measured on the bottom 




Fig. 78. 
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line of the course you may be working. This will give 11s ' 
a first course like Fig. 78. From this shape the face of 
courses graduaUy approaches the true radial line until the 
of wheel or hub is reached. Here and here only the 
lOf bucket lies in a radial line. After passing the centre 
^Variation on line g k, Fig. 78, should be set off to- 
vraidk. 

On Fig. 80 the face of first course is shown by broken, 
line a and the face of eleventh course by similar line 6. 
This you will see widens the section at g k, Fig. 78. The 
shape produced also offers less resistance and is calculated 
to increase the backing qualities. 

Now get out your adze and chop off the face of wheel. 
Jt you are as poor a hand with an adze as I am, you will 
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need to be very careful or you will get below the surface 
as shown by lines on Fig. 76. Then finish up with plane 
and spokeshave, being careful to work just down to the 
lines formed by face of courses, and don't leave the face 
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all humps and hollows, because it won't look nice, to say 
the least. 

After shaping the wheel to the desired outline, which 
may require the addition of more courses at top or bottom, 




as shown by the different outlines on Fig. 80, a piece is 
fitted across the blade as shown by Fig, 79 at a and fas- 
tened on with screws. As this piece is intended to keep 
the blades straight while being moulded, it should be fitted 
very closely and well fastened. 

Now turn over and chop off the back to the right shape, 
after which the pattern will look like Fig. 79. Then, if you 
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will "sharpen" the edge all around, your pattern is ready 
for sandpaper and varnish. 

For an increase pitch but little further explanation is 
required. In the drawing, or drawings, for it is better to 
make as many drawings as you have sections, on each 
drawing place a line indicating some definite straight pitch 
— ^the same pitch for all sections and all crossing the same 
centre. This pitch line, together with the radial line made 

by templet, Fig. 71, is the starting-point from which each 

counse is laid out. 
Your drawings will have the general appearance of Fig. 

82, in which r p s represents the increase pitch line and 

« ^ / the straight pitch. 
All courses must be laid out from a radial line and this 

radial line must always pass through some point on line 

^ /. This point must also be the point where the line e j 





Fio. 81. Fig. 82. 



crosses the surface of the course you are laying out; then 
by measuring on the bottom line of course from ^}tor ps 
the desired pitch may be laid out. It will be found neces- 
s^ to change the bevel of line showing pitch at circum- 
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So we will have to make this thread with cores. We 
first turn up a straight, round piece to the largest diameter 
of drum, and part it through the centre as is customary 
with nearly all patterns. Make a hne around one end, 
while in the lathe, to lay off the spiral from, and be careful 
to place the centres exactly in the joint or parting in order 
that the two halves of pattern may be ahke. Then by 
spacing from tlie hne of joint you may draw hnes parallel 
with the axis of drum, dividing the surface into four, six, or 
eight different parts, according to the size of the cylinder 
and the pitch of the groove. If the pitch is coarse or steep 
make more parts, and the larger the cyUnder the more 
parts you should divide the surface into. 

Divide the pitch into the same number of parts as you 
have made on the circumference of cylinder; lay off one 
part of the pitch on the first line, two parts on the second line, 
and 50 on, around the cylinder, counting the joint on each 
' side as a line until on the last hne you lay off the full pitch. 
Now with the dividers set to the pitch, and starting from 
these points, which, by the way, are to be laid off from the 
line made around pattern in the lathe, you space off each 
line the whole length of drum. In laying off the first turn 
of spiral you should make it right- or left-handed, as may 
be wanted. 

Now you need a templet to draw the lines between these 
points already found and which are intended to locate the 
line of spiral. Make your templet in this way: Fit a piece 
of hard wood to the surface of the pattern five or six inches 
long and one-haff inch wider than the spaces between paral- 
lel lines. Straighten off one edge to one of the lines ; make 
a gauge line on the side next cylinder at a distance from the 
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Fig. 84- 



straight edge equal to one of the spaces between parallel 
lines on cylinder. Square across one end of the piece for 
templet. Then measure on the gauge line from the 
squared line a distance equal to one of the parts into which 
the pitch was divided. A spiral line drawn from this point 
to the point where the squared line intersects the edge of 
templet will show where to cut templet. 

This spiral line may be drawn in the 
maimer illustrated on page 261, Pat- 
tern Shop Mathematics, 

With this templet you may lay off 
the line of thread or groove the whole 
length or drum. 

For the core print, which needn't 
be over J" thick, get out some pieces 
like staves of the same thickness of print and about two 
inches wide. Make a box to cut them into lengths, sawing 
them on a line as near the pitch as you can. Fit each 
piece to the line of groove on cylinder and gauge them to 
the correct width, or you may make a box that will cut 
them to the width and bevel them so that they will draw 
out of the sand all at one operation. Make it of hard 
wood, like Fig. 84. 

Make the space left for the prints so that one of the 
pieces will slip in easily, then put it in your bench nse; this 
holds all firm to work off print. You must be sure to give 
print bevel enough to draw. Test this by holding a piece 
on the drum and trying it with your square. 

After you have fastened all the prints on, the next thing 
in order is the core-box. This should be made as long as 
will be convenient to handle and still be an equal part of 
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one half the pattern. The box will have a section 

Fig. 86, and is made of four pieces and parted on s 

perpendicular to axis of pattern. Get out the pieces 
enough, in the direction of 1< 
of pattern, to cut off to the 
after they are squared up. 

If the groove is to be sto 
square off before reaching thi 
of pattern, it will only be nece 
to stop off the core to length ne 
as shown by Figs. 87 and 88; 1 
the groove or thread is run o 
the end like the thread on a 
you will have to make one or 
haps two pieces to lay in be 
shown by dotted line a, in Fij 
to make the core fit the end 0I 
tern. This piece is also shown 
in Fig. 86. The great difficul 
making patterns having a threj 
spiral groove is in laying them 
you must divide the circumfe 
of patterns accurately, and alsi 

pitch, both into the same number 

of parts, and you must also be very 

particular in laying off the parts of 

pitch which locate the first turn of 

spiral on the surface of pattern. 
The spu-al on this drum we have 

made need not be perfectly true, still it will look i 

better ff you make it as accurate as possible; and ii 




Fig. 85. 
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exercise due caxe in laying it out you will be better pleased 
with the result. 

For a spiral or worm, like Fig. 89, which is known as a 
conveyor, you will have to be very particular or you will 
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Fig. 87. 

make a failure of it. Turn up the pattern as a straight 
piece, one-half or three-quarters of an inch larger all over 
than the outside of worm. The pattern should have a 
length which may be evenly divided by the pitch, with the 
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Fig. 88. 

addition of the thickness of one thread. The ends should 
be draughted to match the taper of thread, and the ends of 
core-box made to match. 

One end of the conveyor as shown has a projecting stud, 
and the other a socket into which the stud would fit. On 
each end of the pattern a piece of the size of hub at socket 
end and as long as the stud at opposite end should be 
turned. These form prints for the cores which form the 
13 
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pin and socket. The ends of the thread are cut off square, 
that the next section at each end may be fitted to form a 
continuous screw. 

If you wish to use each length separate, making the 
length such as you want, you can fasten a piece of shafting 
in socket end, or the pin at the opposite end may be long 
enough to reach through bearing and into the socket on 
next piece. 

You won't need to lay out the spiral on pattern, as the 
core-box does away with all that. Make the box a full 




half-circle of the length from a to 6, Fig. 89. First make 
the ends ; these may be turned to the taper of screw, then 
put on the outside in staves, as you would for a plain, 
round core the full diameter of pattern. Now put two 
half-circles on a face-plate and turn off to the same diam- 
eter as pattern ; bore through the centre for the piece which 
is to form the central shaft or core of conveyor. The 
thickness of these pieces will be regulated by the length of 
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core-box; one side should be turned off like one side of a ^ 
section of the thread. Lay off on the joint on each half 
one-half the pitch from the face side and carry the out- 
line of thread back to this point. 

Divide the circumference of these pieces as you did the 
drciunference of drum for winding chain and get a line 
representing the correct line of thread. You must work 
this off by hand, and you can do it very nicely by turning 
a piece to fit the hole bored through centre; cut through 
the centre of this piece from one end and fasten to your 
template. By turning around and at the same time sliding 
up or down, the template may be made to reach every part 
of the face of loose piece, and will show you just where it 
wants cutting. 

As this piece is larger than worm, you must make allow- 
ance for this on your template, carry the surface of spiral 
face right out to the full diameter of piece. After you 
have trued up the surface to fit template, gauge from the 
outside the extra thickness which we added to the diameter 
of pattern and cut it down to the thickness of thread at 
circumference. Now finish up the other half. This other 
half must now have the thickness of thread cut back at 
circumference, and fix them in the core-box at a distance 
apart equal to the pitch. If you have kept all your sizes 
right they will fix themselves. That is, if one piece is 
placed against each end of the box the distance between 
them will be right without any further fixing. 

Then the space between them will be like the space 
between two adjacent threads on the worm, with the addi- 
tion at circumference of one-half or three-quarters of an 
inch, which we added to the size of pattern, and which 
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. thickness reaches across the top of thread and serves to 
keep the cores at the right distance apart in the mould- 
The loose pieces should have a feather or dovetail let into 
the ends of box to prevent them from turning around and 
destroying the core when drawing off the box. 

Now fit in the piece which is to form the central shaft 
of worm. This piece I should turn down to the size of 
shaft from k to k, leaving the ends of a size to fit the hole 
bored through loose pieces. This hole should be large 
enough to take in the full size of fillet between thread and 
shaft. This will make it easy to work off the face of spiral 
on the loose pieces, and you will also get in the fillet in good 
shape. This piece for the shaft must be left loose and 
taken out before the core is drawn. 

We must now make provision for the ends of worm. 
The thread at each end must be cut off square, perpen- 
dicular to the axis, and also be cut so that one end may 
be an exact counterpart of the other, then any number of 
sections may be fastened together to form a continuous 
screw, by means of the stud and socket already mentioned. 
The most convenient place to stop off thread will be at the 
joint or top of core-box. For the box you should have, 
besides the loose pieces already made, a piece fitted to the 
ends of box and reaching from b to c. You must also have 
loose pieces to form the extra size of the shaft at the socket 
end and also at the shoulder on opposite end. 

Now, to finish the cores for the ends of spiral, you take 
out one of the loose pieces and make a core reaching from 
the opposite spiral face to the end of box, as shown by the 
broken lines d e j; then put in the parallel thickness piece 
at this end of box, and you make another core reaching 
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from the spiral face to broken line g. These two cores will 
form one end of the worm. Go through the same opera- 
tion at the opposite end of core-box. Don't forget on these 
end-sections to make allowance for the extra size of shafts , 
at each end. 

If you have been accurate in the length of pattern and j 
core-box, the cores will come out even with the length of I 
pattern. You must also have a core-box of the diameter ] 
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of end prints and long enough to make the core necessary 
for each end, with the addition of such length as will keep 
the two plugs, which I should use, in position, one for 
making the hole in core to form the pin, the other making 
the opposite end. These cores also form the recess shown 
at each end in Fig. 89, reaching to the centre of thread. 

In Figs. 90 and 91 we have two forms of thread which 
may be moulded without cores. Fig. 90 shows a long nut 
a into which the screw b fits. The thread in the nut is J 
made by a core-box, which is of the same length as nutj 
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and has the thread cut on the inside. The thread on 6 is 
worked on the pattern. 

Let us first turn up the pattern for nut straight and of 
the largest diameter of thread on the outside. This thread 
is formed only to keep the thickness of the casting uniform, 
and also to make it weigh less. You must be particular 
to keep the size uniform for the whole length of thread. 
Now, to lay out the thread on outside of pattern. If it is 
not over 4" in diameter, I should take a piece of hard card- 
board, and, having straightened one edge, put this to one 
of the Joints in pattern, then roll the cardboard lightly on 
the surface ; when you get around pattern, mark the paper 
where it meets the edge first laid on. Take off the card- 
board and make a pencil line across one side at right an^es 
with the straight edge. Make another Une parallel with 
straight edge, at a distance therefrom equal to circumfer- 
ence of pattern, as has already been located by the mark 
we made when the cardboard was rolled on pattern. 

On this parallel line set off the pitch measured from the 
line at right angles with straight edge; draw a straight line 
through this point and through the right angle formed by 
the straight edge and the pencil fine; cut the board exactly 
on this line; draw another line parallel with this new edge, 
and distant therefrom once the pitch. Now, roll the paste- 
board once more around the pattern, making the screw 
right- or left-hand as desired, and where the edge cut to 
pitch line crosses the straight edge see that it exactly 
coincides with the pencil line which is parallel to pitch 
line. The cardboard should overlap far enough to glue 
the two edges together, then we have a cylinder of paste- 
board which fits the pattern, and will shde from one end 
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to the other, and which has one end cut to the Une of I 
thread. With ihis templet wc can easily lay out the thread | 
on pattern. It is best to space off the pitch on joints, and ' 
then make the spiral, drawn by the help of the templet, 
pass through these points. This will check any tendency 
of the thread becoming uneven, as might be the case if we 
trusted to the templet alone. 

After you have made one line, space off the distance 
shown at d e, Fig. go, and then draw another line through 
these points parallel to the first line. 

If your pattern is too large for a templet of this kind, you 
may space it off at the joint on each side, then make the 
templet to reach half-way around, or you may divide it up 
still more, as we did the pattern for chain-drum, using a 
templet, as we did for that pattern. 

Now, if you will me a gouge which will fit the line dee, 
you may work out tlie space between the parallel spiral lines 
and then it will be easy to round off the comers left at d 
and e. Make a block for sandpapering reaching across 
one space and a little beyond the centre line of thread on 
each side. You can put the pattern in the lathe and finish i 
the sandpapering, running the lathe on a slow speed. 

For the core-box we will get out the stuff in four or six 
sections, according to size of pattern, because we should 
have trouble in working a half-box. Joint the sections to- 
gether, putting the two or three pieces which form each 
half of the box together by means of pieces screwed on 
across the joints. You must be careful to get the four or 
six parts of the box all equal, as we shall make t 
answer the same purpose as the parallel lines o 
of pattern for chain-drum. 
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You must first work your core box straight through, 
being careful to get it round and of the diameter of nut at 
point of thread at /, Fig. 90. Then make a templet, as 
we did for outside, reaching across one section of core-box, 
being particular about the pitch, making it just the same 
pitch as templet for outside. Divide the pitch into as many 
parts as you have divided core-box; and, after squaring 
ofT one end of the box, lay out the first turn of thread, as 
has already been explained, taking care that the thread 
shall start in the same place as on the outside of pattern. 
Then you may draw two parallel lines, regulating their 
distance apart by the intersection of the circle which Jjound 
the groove inside of nut, with the straight lines which mark 
the present surface of core-box. 

In working this groove you will be well repaid for using 
extra care when you come to sandpaper, for if it is a small 
box I think you will find it the worst job of sandpapering 
you ever had. 

Make the diameter of prints half-way between the largest 
and smallest diameter of thread; this makes the casting 
with the least fin possible at the ends. 

For the inner screw, lay out and work in the same way 
that you made the thread on outside nut. The diam- 
eter of this screw will, of course, be governed by the clear- 
ance deemed necessary. The pitch, of course, will be the 
same as the pitch of core-box. 

For a thread like that shown in Fig. 91, I think the 
quickest way is to put on the thread as we did the core 
print on chain-drum. 

It may be worked in the same way, too, being careful to 
keep it up to size, and after it is all on put the pattern in 
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lathe, make a block to fit the space between two 

cent threads and reaching across the tops of thread, then 

by running the lathe at a slow speed you can finish up the 

job in good shape. 

The nut shown is sometimes made in halves, and held 

iier by means of a wrought-iron band, shrunk on, or 
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it may be made by a core; in either case, I should make I 
the thread in sections, and fasten on the surface of pattern 
or core -box. 

In all these core-boxes having a thread on their surface 
you must be particular to make a good match at the part- 
ing. This is best done by using good dowels and then 
putting the sections on either side of the joint together in 
your vise and finishing them with sandpaper while in this 
position. 

Another thing you must be particular about in making 

screws and nuts which are to fit together is the pitch. 

^Jyvpn't do to make the screw with a pitch of ten threads 
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to the foot and the nut with nine and three-quarters or ten 
and one- half. 

Fig. ga shows a worm for use with a worm-wheel. This 
worm might be moulded in a horizontal position, but then 
the joint will always show on the casting. They are some- 
times moulded perpendicularly, the moulder screwing the 
pattern out of the sand. When moulded in this way, the 




Fig. 93. 



accuracy of the thread depends in a great measure upon 
the skill of the moulder. I think a great deal better job 
may be done in the way I shall describe. 

Make your pattern for worm with long ends, as shown 
in the figure, one end being of the largest diameter of worm. 
If you already have the pattern, you can fit a piece over the 
end to make it like figure. The opposite end should be of 
the size desired for spindle or shaft, or for core print, if the 
worm is to be cast hollow. If you wish to cast on shaft, 
make this small end of pattern the same size as shaft. This 
pattern is used in forming the core, which in turn forms 
the casting. The core-box is made round and large enough 
to leave plenty of sand outside of worm. 

You will see by the figure that the thread of worm is 
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worked about one turn more than is needed for the cast- 
ing. The core-box is parted through the middle for con- 
venience in removing the core when made. The end, 
marked a, is left open, with an arm across having a hole 
through it which the pattern will fit. The other end of 
box has a thick head, with a hole through it the same 
diameter as points of thread. 

You will notice in the sketch that the thread of worm lies 
partly in this end of box. The pattern is placed in box 
with the right length of thread inside, and then where the 
tbread enters head a piece is fitted, 6, which will stop off 
tbe core, and is carried around far enough to completely 
fill the thread for a couple of inches. 

After the core has been rammed up, which is done 
through the open end, the pattern is removed by screwing 
it out through the large end of box, the piece b, which we 
put in to stop off the thread, forming a guide for the thread 
and taldng all strain off the sand. The small end of pat- 
tern must be long enough to reach through the box and 
support pattem after the worm has been entirely screwed 
out of the sand. 

The advantage of drawing a screw in this manner lies 
in the fact that there is no joint in the mould and therefore 
we get a smooth, continuous thread without any chipping. 
This leaves the skin of the casting intact, which will, of 
course, make it wear longer. 

If your casting is to have a hole through it, the core will 
stop off the mould at large end. If you wish to cast on 
shaft, make the small end of pattern the same size as shaft, 
then make an annular core. This core should be made in 
the same box that we made the worm in. The lo'Ke,! end 
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of the core-box is fastened with screws ; these may be taken 
out and the loose head moved up to make whatever length 
of core thought necessary to support the shaft. Use the 
worm pattern by placing it in the box with the end of worm 
even with inside of box, then ram up the core and draw the 
pattern through the large end of box. 

If you want the spindle at both ends of cast iron, or of the 
same material as worm is made of, make a piece which will 
be of the shape you wish, making the two ends of the same 
size respectively as the ends of worm pattern, or possibly 
the same pattern may do if you want the two ends of the 
same diameter. In either case, put the form in same core- 
box that was used before and make whatever length of core 
you may want. 

I think you will find your casting to be pretty good. 
One very necessary part, which I overlooked, is that you 
will need a straight, round pattern of the size of core-box, 
and long enough to make a mould that all the cores for the 
casting may be laid in. This mould may be poured on 
end or horizontally, as you may think best. 

I have endeavored to impress, in these articles on screw 
threads, that accuracy is indispensable in laying them out- 

Oftentimes a cast screw may be made to take the place 
of a cut screw, and where a great many are to be made 
will, of course, be much cheaper. If I have succeeded in 
showing how cast screws may be made, and made nicely, 
then I have accompEshed my object in these papers. 



CHAPTER IX. 

TRACTION WHEELS FOR FARM ENGINES. 

These wheek are sometimes to be made in such a way 
that the castings need no finish, even the hole for axle being 
left in the rough. Of course the casting must be pretty 
smooth and true in order to be complete as it leaves the 
foimdry or cleaning-room. To get a smooth, true casting 
it is necessary first to have a good, accurate pattern, for I 
never saw a nice casting made from a poor pattern. 

Let us construct a wheel like Fig. 93, which is a section 
of a wheel showing the arms. One of the treads or teeth 
to prevent slipping is shown at m. The figure shows the 
hub in detail. It is evident that the hub must be in two 
parts to admit of drawing one set or row of arms; then re- 
moving the sand between the two rows of arms, and finally 
removing the remaining part of hub with its arms. 

It is also to be so put together that the core through hub 

will always come in the centre of wheel. No finish, you 

know. The hub must also stand true with the rim, so that 

the wheel must not wobble. In short, the pattern must be 

made about perfect, and this is the way I adopted to secure 

the desired end : The rim is to be laid up first and should be 

parted at the centre both inside and outside, for reasons 

pven further on. Saw up the stuff for arms and let it be 

getting into some permanent form. Get the stuff for the 

hub out as follows : a, J, d, e to have the grain running from 
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/ to g; c to have the grain running from h to k, and long 
enough to reach through the whole hub as shown. Turn 
c with a pin on each end, then turn the other parts of hub 
to fit over pin and with the joints between a b and d e on the 
line of centre of arms. 

The arms should be long enough to reach from outside 
of tongue / on rim to the hub and into it about 2". Fasten 




c and d together, and then putting the other parts of hut 
together by means of the pins on c, lay out the holes for 
arms and work them nearly to the size; also lay out and 
cut the arms into rims, tailing care to get every one in line 
at the point where they enter rim, and slanted up and down 
alternately. 

Now chuck the nowe! side of rim on a large chuck; on 
the same chuck fasten part a of hub at the right distance 
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from the centre jomt of rim, all as shown by the portion o 
chuck n in figure. 

Then fit in the first row of arms, letting one end Just toud 
and clear in the rim; glue them into the part a, driving a" 
small nail or screw through each one to retain it in position. 
Now fit down b and fasten it with glue and screws between 
the spokes; next put c and d in place, and fit in the other 
row of arms. Great care should be taken in fitting and 
fastening both sets of arms, as upon these depend the posi- 
tion of hub and core for axle. After fastening the arms 
and putting on e, the other half of rim may be fitted down. 

Remove from chuck and test the centres by a pair of 
trams. If you have done your work accurately the centres 
on c, made by the lathe, will be exactly central with rim, 
and the arms will not spring in all directions so as to require 
a boy to hold each one in place while moulding. The pins 
on c should be cut off as shown in figure. Glue the piece 
o into a and b, then turn up the two ends of hubs h and k, 
which form a shoulder for the wrought-iron bands usually 
shrunk on, and also form the core prints as shown. 

The projections on rim, shown in section at »j, may be 
moulded on the wheel if their shape will permit it, or may 
be made in cores and rammed up in mould against rim. 
The best job is made by moulding on, then it will be found, 
if the rim is parted in the centre, it will make less work 
fitting these on, as both sides will be ahke. This will be 
quite an advantage if they stand at an angle, as they 
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GLOBE-VALVE PATTERNS. 

These patterns may be divided into three classes, as 
follows : 

1. Iron valves above 6* in size. Patterns and core-boxes 

both made of wood, the core-boxes made with loose seats. 
From 6" up to 12" it may be well enough to make whole 
core-boxes, to save changing seat, which wears out the 
boxes very fast. Above 1 2" a half box so made as to change 
for the two halves of core, and also to change for making 
the angle, safety, and cross- valve of this same size, although 
a safety-valve of this size would be a rare thing. Still, the 
same change which makes the angle-valve would also make 
the safety or cross, so that, when we have so arranged the 
pattern and box that we can make an angle- valve, we can, 
by the addition of another branch on pattern, make either 
one of the others. 

2. Iron or brass valves from 6" down to 2". Patterns 
for these may be made of wood, pine, or perhaps something 
more durable, if the number of castings to be made will 
warrant the extra expense. Core-boxes for these sizes may 
be made of iron, in two parts, from either wood or plaster 
of paris patterns. 

3. Iron or brass valves from 2" down. These, especially 
the brass valves, are usually made in such quantities that 
it becomes necessary to make the patterns of metal, gener- 
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ally of iron, and to have enough of each size and kind to 
fill a flask. They are all fastened together by gates, or 
are fastened in halves on a plate, and moulded on a 
machine. 

I shall consider nothing but the body of a 16^ globe and 
angle combined. 

The first requisite is a reliable working drawing. This 
may be furnished, but it is usually left to the patternmaker 
to make his own working drawing, and he generally makes 
a full-size, sectional view on a piece of board. To the 
credit of the craft be it said, that the patternmaker who can 
make a pattern from a scale drawing is also competent to 
make a working drawing of the same. 

As we are going to construct a 16'^ flanged valve (flanged 
valves only will be required of this size), we shall want a 
full-sized drawing Uke Fig. 94. 

Now, it is not very Ukely that there will be many globe- 
valves of this size required, and as the pattern will be rather 
expensive, we had best make it in such a way that it will do 
for both globe- and angle- valves of this size, more especially 
a§ the same trimmings, with the single exception of the 
spindle, will do for both valves. Having arrived at this con- 
clusion, let us see what modifications may be necessary to 
adapt the pattern to either form. The globe- valve receives 
steam, water, or gas at one end and discharges the same at 
the opposite end, the inlet and discharge pipes being in the 
same line. The angle-valve has the inlet directly under 
the spindle and the outlet at one side. Thus the Une of 
pipe will form a right angle where it passes through the 
valve. In Fig. 95 I have given a sectional view of an angle- 
valve body to be made from the same pattern and core-box 
14 
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we shall make for the globe-valve shown in Fig. 94- 
comparing the two, it will be seen that one of the branches 
must be movable in order that the three branches or ends 
necessary on each valve may be placed in the relative posi- 
tions shown by the two Figs. 94 and 95. As it is customary 
to make the body in the form of a globe, the best way to 
construct the body will be to turn it up as a complete globe 
and then fit the branches to the surface. After the 







branches are once fitted to the surface of this globe, they 
may be fastened on in any position required. 

As a globe-valve of this size will require for the body »• 
ball from 24" to 28" in diameter, it is evident that it woulA 
not be good pohcy to make the pattern solid, because it 
would be very heavy; therefore it will be best to lay th.& 
ball up in cants or segments. This will make the patterr* 
light and strong. 

By referring to Fig. 96 the manner of building up thi^ 
ball will be plainly seen. We start with a round plate, 
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stown at a; screw a face-plate to one side of this, and face 
off in the lathe ready for the first course of cants marked 6 



"1 the figure. Work the halves of the ball along together, 
^d while waiting for the glue to dry get out four pieces 
for braces or arms, as long as the diameter of ball, and 
oaving a cross-section about 2"x4i". These should be 
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''^Ived together at their centres, forming two crosses, one 
fo' each half of pattern. When you get the halves oi 
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ball built up to the course marked c, rough out the inside to 
such size and shape as will leave it, when finished outside, 
about if thick. Then cut in the braces, leaving some 
thickness of wood outside their ends. Put a couple of 
good screws into each end of each arm and also set up a 
support under the centre of the crosses. 

Now put each half back in the lathe and face off for the 
next course, and also face up a spot at the centre large 
enough to receive a face-plate, Mark the centre exactly, 
then go on and finish gluing on the last courses; lay these 
aside to let the glue get thoroughly dry before turning them 
up. 

In the meantime we will get the branches started. These 
will be best made up of courses. Begin with a solid head, 
which will form the end of core print. Get the gluing-up 
done and lay them aside to dry while turning the ball. 
For this you will need an accurate templet, and I would 
recommend making one as sho\vn in Fig. 97, which will 
neither warp nor shrink out of shape. Change the face- 
plate to the opposite side on arms. Don't begin turning 
by facing off the joint and then bringing the surface of the 
ball down to match, but first bring the surface down to fit 
your templet, then turn off as much or as little as may be 
necessary at the joint. It is much easier to take oS an 
eighth of an inch here than to turn it off the whole surface 
of the ball. Be careful to get the halves of the body ex- 
actly the same size, as it will make a good deal of trouble 
if one is larger than the other; they won't match, and the 
branches won't fit. 

Cut the branches in halves and make the joint brforfi 
turning. Here you must be very careful again to locate! 
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the joint exactly in the centre. You can't fasten them o 
the globe so that the parting will be flat unless both the 
body and branches are all parted on the centre line. 




Fig. 97 

The flanges at each end had better be made separate 
and put on with screws, so that they may be changed if 
necessary. 

Now let us put our pattern together, as the turning is 
finished. Fit dowel-pins in the halves of globe to keep 




Fig. 98. 



the pattern in place while moulding. Fasten a block on 
top of arms in drag-half of pattern, find the centre, and 
draw a line through this centre. This will fix the position 
of the inlet and outlet branches. Fasten on these two 
branches, being very particular to keep the centres of both 
body and branches aU in the same straight line. We can 
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now locate the yoke end midway between these bras! 
and at right angles with them. This is also a place where 
accuracy is very desirable if you wish the core to fit nicely, 
as the core is liable to be laid in the mould either side up, 
and it is evident that it won't reverse urdcss the yoke end 
of both pattern and core-box are central between the two 
side branches. Another reason; When it is central it is 
also at right angles with the centre line of branches; and, 




Fig. 9 

vice versa, when it is at right angles with this line it is also 
central. This follows from the mode of construction. 

Fig. 99 shows the pattern complete. Fasten on all the 
branches with plenty of screws and you will have a good, 
strong pattern and one that will mould nicely. Put a 
good, stout rappirg-iron in each half of pattern for the 
amusement of the moulder. I once worked under a fore- 
man who was wont to say, at times when the moulder had 
done something especially exasperating : " There never will 
be any moulders in heaven, because they are past all re- 
demption." I don't believe this is literally true; still, it 
may be well to imagine so when putting in rapping- 
iroDS, and get in a few extra screws on that account, 
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for the moulder is a trifle too willing to exercise his 

muscles. 

And now let us take the core -maker into consideration 
and see if we can construct a core-box that he won't be 
obliged to entirely demolish in order to separate the core 
from the box. Perhaps the gentleman referred to above 
included the core-makers with the moulders in his harsh 
statement in regard to their final disposition. I presume 
he did, for he must have noticed, as we all have, that the 
average core-maker does love to linger around a big core- 
box and see in how many different places he can strike it 
with the heaviest sledge around the place. We must take 
all of this into account, and make our core-box strong 
enough to stand a good deal more banging than is neces- 
sary. 

We must also provide some way of moving each side 
branch round opposite the yoke end in case we wish to 
make a core for an angle-valve. This will compel us to 
make three sides of the box just alike, the remaining side 
being the yoke end. 

The best way to make this box is to build it up in seg- 
ments, as we did the pattern; but, in order that it may not 
become a creature of circumstance and an eyesore, let us 
settle how we shall put the box together, then after this we 
shall be able to so build the body and branches that they 
may be easily fastened together and make a strong box 
after being so fastened together. 

Perhaps the best way will be to construct it like Fig. 100. 
This gives us a square centre piece as large as can be made 
conveniently, then there is a good flange on each branch- 
By means of screws through these flanges we can fasten | 
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the branches on to the body part of box and make a good 
workmanlike job which will show the forethought and 
constructive ability of its maker. By the way, pattern- 




makers are too apt to let a job "develop itself," and many 
1 botch has been made in this way. A httle forethought 
would generally prevent this, but the lack of it keeps 
many otherwise good mechanics down at the bottom of the 
ladder. 

The first thing in order will be to find out how large we 
must build up the centre of box to make it finish to the size 
and shape shown by Fig. loo. This can be got at by lay- 
ing out a full-size section of valve body, or you may put the 
necessary hnes on the drawing you already have. 

As the central part of box is approximately a sphere, it 
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is evident that, if a slice is cut oflF the outside, the resuhing 
face will be a circle or nearly so; then, if we know the size 
of the circle necessary to match flange on branch, and also 
the distance from the centre of globe at which the joints 
between body and branches must be formed, we shall then 
be able to lay out the diameter of outside of central part 
of box. 

Let us fix on the diameter of flanges necessary. The 
inside of neck of valve is 16^ in diameter; add to this 
double the thickness of stuff necessary to form a good, sub- 
stantial core-box, say about 2^, then a flange about lY 
wide. This makes the flanges 23^'' in diameter. For con- 
venience we will make the joints on all four sides of the 
box at the same distance from the centre. In fact, three 
of them would have to be aUke anyway. We should locate 
the joints as far from the centre as one-half the diameter 
of flange fotmd necessary, if possible; otherwise we don't 
get the full benefit of the flanges in putting on the branches. 
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The actual distance of the joints from 'the centre will be 
governed by the point at which we shall find ourselves 
obliged to locate the joint on the yoke end of valve. This 
neck, as will be seen by referring to Fig. 94, has a narrow 
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internal flange or shoulder. This is without any question 
the proper place for a joint. We shall need all the room 
this distance from the centre will give us; in fact, the radius 
of this point and the radius of the required flange will be 
seen to be nearly equal. 

Make the joint just where the necli begins to narrow 
down to this flange. Draw a line through this point paral- 
lel with the centre line of branches, and lay off on this line, 
measuring each way from the centre of neck, the diameter 
of the flange. Now place one point of the trams at centre 
of globe and scribe a circle of such size that the circum- 
ference shall pass through the points marking the diameter 
of flange on branch of core -box. This circle will be the 
circumference of a sphere which, if cut by a plane at a 
distance from the centre equal to the radius of a circle to 
' which the line marking the joint between body of Core-boX 
and the branches is tangent, the resulting face will be a 
circle of the same diameter as flanges on the branches of 
core-box. 

Now that we have found the diameter of the sphere 
necessary for our purpose, let us begin to make it. First, 
we want a plate, round, and of the thickness and diameter 
shown by a, Fig. loi. On this foundation we will build 
up the segments as shown in Fig. loi, taking care to make 
good joints between courses, especially on the first courses, 
where we shall have very thin edges after the box is fin- 
ished. Put on about six courses, then make a templet like 
that shown in Fig. 98. This one should be cut to fit inside 
the required circle, instead of outside, like the one shown 
in Fig. 97, but it should be made of three pieces, to keep 
the circle true. 
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Now, before putting on any more segments, let us turn 
out what we have already glued. You will see that it is 
easier to do this now than to wait until the whole box is 
laid up. Then build on again to within four or five courses 
of the top. Turn out the inside again, and while the box 
is still in the lathe mark the centre in the bottom of box, 
then put a piece of stuff across the top of box, cutting to 
such a length as will fit snugly in the box and hold the 
piece even with the top; on this piece mark the centre 
again. We are now ready to square up the outside of box. 
To do this, draw a line through the centre, lay off on this 
line, each way from the centre, the radius of flange we shall 
form on the branches, and draw lines through these points 
at right angles with the line passing through centre. These 
lines now mark two opposite sides of outside of core-box; 
lay off the other two sides at same distance from centre as 
the first. If it is found, from the design of valve body or 
for any other reason, that it is not practicable to cut the 
four sides of box all at the same distance from centre, we 
must change our plan and cut only three sides alike, and 
if this is not possible then we must contrive to put in extra 
pieces on the short sides, to make three sides alike— it isn't 
likely that you will have any trouble of this kind in making 
an ordinary globe-valve, and the four sides should form a 
perfect square, or, failing in this particular, the core-box 
won't be straight after it is all together. 

After the centre is sliced off to these hnes, we will glue 
onto the top, at the comers, some blocks, to make up the 
height of the four or five courses or segments left off, and 
which would have been almost entirely cut off again, as will 
be seen by noting the size of the piece actually necessary ti 
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complete each of the four corners. By doing this you also 
get these corners, which are necessarily rather weak, in the 
best possible form, considering their size and shape. If 
these corners had been laid right up to the top with seg- 
ments, the chances are that you would have had some 
vertical joints in these top courses, which would have made 
bad work; by putting on the five courses all at once you 
make a single piece take the place of at least five, and 
probably more. 

The next thing in order is to finish up the branches. 
As we are going to make only half a box, we shall have to 
turn up only one piece to make both pipe ends of box. 
For the hub or yoke end we will lay up only half the actual 
length of this branch, then saw the flange off of one half 
and glue the two halves together, end to end. Then cut 
off the bevel Inside of shoulder at a, Fig, loo. 

This provides for three sides of the box. Before filling 
up the remaining side, let us round off the comers inside 
of box where the branches enter the body of valve. In 
fastening the branches onto the centre of box, be sure and 
get the two sides and the centre all in a Ime, then the yoke 
end must be put on at right angles with the sides and cen- 
tral between them. Without these precautions the two 
halves of core won't match together. After finishing the 
comers where the side branches enter, shift one of them 
around opposite the yoke and finish this side like the two 
ah-eady finished. We should make these three sides, which 
are to form the pipe ends of valve, as near alike as possible 
so that the ends of core-box may interchange. 

For the fourth side of box we will make a piece like 
that shown in section at b, Fig. loo. This has a fiange of 
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the same diameter as flanges on pipe ends of box, and must 
be fitted to go on three sides of box. We are now ready to 
put in the partition which, in a globe-valve, separates the 
inlet from the discharge. 

Begin by la)dng up in segments a cyUnder that will make 
the "wings," a section of which is shown at a. Fig. 94. 
The crescent-shaped piece, commonly called the "half- 
moon," should be put together in three pieces, Uke the 
templet shown in Figs. 97 and 103. It is best to make 
two of these pieces, one for each side. This will make a 
little less work for the moulder, and consequently (?) 
will make a better core. At any rate, the core-maker 
won't have so many corners to trim off, or forget to 
trim ofiF. 

The manner of laying out the "half" moons, and also 
the "wings," is fully described in the following chapter. 

To this description it is necessary to add the manner of 
fitting them into the box, and also show how they may be 
held in their places while the cores are being made. 

The half-moon must be fitted into place first. The cen- 
tre of box was marked while in the lathe. We shall have 
to locate the centre of thickness of half-moon by measuring 
from the centre of yoke end on the Une of circle marking the 
circumference of body of valve; to do this, put a piece of 
stuff from the end of print on yoke end across to the oppo- 
site side of box. On this we can first find the centre of 
ball, then mark the circle across the piece of stuff, then 
locate the centre of yoke end on this circle. Now we must 
also mark a point on the opposite side of box which will 
be in line with the centre line of yoke end. And as the cen- 
tre of ball is also on this line we have found two points on 
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the circle of body which are exactly opposite each other 
and also in line with the yoke end. We wilt now lay off 
from these two points the position of the ends of half-moons, 
marking the point which is the centre of their thickness. 
We now have four points fixed. From each of these points 
lay off half the thickness of half-moon each way, adding 
to the actual thickness enough to form a fillet on each side. 
Now take the templet used in forming the inside of box; 
make oneside perfectly flat, that it may be used as a straight- 
edge to mark the lines around the inside surface of balL 
As we have three points located in each one of these lines, 
we shall have no trouble in making them straight. Cut the 
space between these lines down about }" below surface of 
box, thus forming two continuous grooves down across the 
surface, intersecting each other at the bottom centre of ball, 
and for min g equal angles with a line drawn through the 
centres of two side branches. The depth of these grooves 
may be gauged by a router, if you will substitute a wooden 
plate fitted to the inner surface of core-box for the usual 
flat plate. 

These grooves form pockets to receive the half-moons, 
and will hold them firmly in their places. The half-moons 
may be fastened on a face-plate and turned, fillets and all, 
to fit in the box. They should have plenty of draft on each 
side so that the core will come out clean. Now cut them 
out to receive the wings and fasten them in the box by a 
screw through each end. 

The pieces for wings should first be cut into quarters and 
then fitted together on a face-plate so that the joints shall 
intersect at the centre and each piece contain an arc of 
po°. Then, after they are turned, they will all be alike. 
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To fasten these pieces in the box so as to hold them firmly 
and still allow them to be drawn out of the core is the 
problem now presented. The upper edges are held 
strongly by means of a cross-bar of hard wood screwed 
firmly to the wing and then fastened to the box by a ma- 
chine-screw at each end tapped into a metal plate, which 
in turn is let into the top of box and fastened securely by 
long screws. This way of fastening brings them always to 
the exact position, the screws acting as dowels, and holding 
them securely. The usual manner of fastening the lower 
comers is by means of a pin fast in the half-moon at the 
centre of box and projecting upward into the joint between 
each pair of wings. This will not, as a rule, give very 
satisfactory results, and I will try to explain a much better 
way of holding these points in place. 

If you will look down into the core-box after the wings 
are in position, you will see that the round comer made on 
wings at i. Fig. 94, leaves a three-sided space between the 
top edge of half-moon and the wing pieces. There will be 
one of these spaces under each wing, and they will be on 
opposite sides of the half-moon with each pair of wings. 
These spaces aflEord what I consider the best possible way 
of fastening or holding the wings at their lower comers, 
and which I will try to explain. 

Note how far this space extends each way from the cen- 
tre, then remove the wings and cut from the top edge of 
half-moon, Y 1^ depth for a distance each way from the 
centre, a little greater than was the space left between wing 
and half -moon, cut both half-moons and then fit into each 
gap a piece that will bring the half-moons back to their 
original form; fasten these pieces by a small screw at each 
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end. Now put the wings back in box, first fitting a dowel 
into one half and making a hole to match it in its mate; 
this will prevent them from shifting by each other 
leaving a shoulderor"overshut" on the valve-seat. Screw 
the wings down into their places, then fit pieces of wood into 
the three-sided places already noticed and fasten them to 
the pieces let into the upper edge of the half -moons. 

Take out the wings and the half-moons and dress 
the pieces just fitted to the surface of the half-moon on each 
side, then remove the little screws, and we have a piece the 
shape of which would be rather diliicult to describe. This 
is to be sandpapered and varnished and used at a pattern 
to get castings from which, when fastened to the half- 
moons, will hold the lower comer of wing pieces firmly in 
just the right place. 

For the angle-valve we will, of course, leave out the half- 
moons and wing pieces and put in the seat shown in 
F'g- 95- 

We have now constructed what I consider a very excel- 
lent pattern and core-box for making either a globe- or 
angle-valve of this size. It is a durable pattern, and one 
that will compare very favorably in cost with any pattern 
made for the same purpose. 



CHAPTER XL 

AN EXAMPLE IN PROJECTION. 

There is probably no doubt but that the best way to 
cut the elliptical hole through the angular partition in a 
globe valve core-box is to chuck the piece to form the 
partition in the lathe and then bore the hole either 
straight or on a taper, as the design may call for. While 
this is entirely practical in the case of ordinary-sized 
valves with the help of a slide-rest lathe, it would not be 
so in the case of very large valves, or in a lathe not pro- 
vided with a slide-rest. Therefore some other method 
becomes necessary. This has led me to put the method 
shown into practical form; for while there is nothing 
new in the principle involved, still there may be some 
who are bothered to apply this well-known principle to 
this problem, and for these few I have endeavored to 
make it plain. 

Let the great circle, ab c,m the cut, be the line show- 
ing body size of core; the lines df and eg showing the 
angular partition. The line kj is the outside diameter of 
loose seat, which in this case is to be straight. The 
angular partition is to be cut through parallel with 
centre line C D. The best way will be to make a templet 
for one-quarter of the hole, as follows: 

From the point where the line C D is intersected by 
the line e g, which represents one side of partition, draw a 
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line I, 9 at right angles with C D, then draw the quarter- 
circle X 9 with a radius equal to outside diameter of loose 
seat. Now space off this quarter-circle into equal parts, 




the more the better, and from each space draw lines 
parallel with C £>, as i, 2, 3, 4, 5, 6, 7, 8, carrying these 
Jines up to line e g, and from the points of intersection 
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draw other lines perpendicular toe g, as ic, 2c, 3c, 4c, etc 
Now with the dividers transfer the space between i and 
ifl to line from i to ic, then the space between 2 and an to 
line drawn from e ^ to 2c; transfer the length of each line 
in turn, measuring from the line i, 9, to quarter- circle xg, 
then transferring the space thus found to corresponding 
line drawn perpendicular to e g and measuring from e g. 
After transferring all the spaces, if we connect the points 
IC, 2C, 3c, 4c, etc., we shall have a broken line, which will 
approximate the elliptic curve required, and if we would 
divide the quarter- circle jrg into an infinite number of parts, 
and then transfer these spaces thus formed to lines per- 
pendicular to e g, we should get the curve perfect. 

The departure from the perfect curve is not owing to 
any error in the principle involved, but is due to inaccuracy 
in the application. Still, this curve may be laid out by a 
close workman as nearly perfect as it is possible to work 
by hand in wood. 

Now, make a template from line e g to ic, 2c, ^c, < 
and draw the centre line A B. You can then mark off I 
both sides of each half of partition, for you will want a * 
right and left where the partition is bored parallel to C D. 
I think this is the best way to cut partitions, as it leaves the ( 
loose part in better shape. The shape of pieces forming I 
the angular partitions is shown by shaded portion 0. The | 
other half of same side of partition would be bounded by < 
the broken curved line y. 

Now, if we wish to cut the partition parallel with line ' 
A B, so that the one piece may be used for making both 
halves of the core, mark the centre line ^ B on templet; 
then, by marking the same centre line across the piece foi 
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, 4MH^ :'Q the templet so that these centi'e 

Jie hole through partition may be 

te oaCiide of partition will be cut on 

, in* louse part of seat is to be tapered, as shown 

jrirt the Une k i corresponding with outside 

-. --'ivvTs: then draw other lines perpen- 

■■ ■ .Mssing through the points where lines 

J. cjuTj-ing them out to tine h i. These 

-- -'i. Jtf. 4g, etc. 

-- -.Tvm centre i on line i, 9 to the point 

. ."■ :ransfcr this space to line iD, as 

'[vidcrs again at 2g, and take the 

, . '1 C D and h i; move one leg of 

■1, with the other leg, mark across 

. ., :lic distance between centre i and 

straight hne, equal to distance on 

i line k i. Proceed in like manner 

M- been transferred from lines 2g, 

.^.. _;■! lines between centre i and points 

ftu^ l1i« dividers again at centre i , and measur- 

> ttf ^iMnt lb, transfer this space to line from 

(4tM;»J&:uUr to line e g. Again, transfer the 

t « 4»X aft from line e g to 2d. Transfer aJl 

k % 3> 4) 5 and 26, 36, 46, 56 to lines per- 

(j^ lA U 2d, 3rf, 4d, ^d; then, by joining 

iLW'tet the curve, shown by line id, 2d, ^d, 

fi IN^ Il9t Ae tapered circular partition, shown 



"^ (iW (^QM pieces to cut off to line of angular 
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partition. Make these pieces, when turned up, long 
enough to reach through angular partition, as shown by 
line m /. The circumference of these pieces will then be 
represented by quarter-circle xg. Then space oflF the edge 
mloi loose piece to agree with the spaces la, 2a, 3a, etc; 
lay the piece on a surface-plate with side m I down, and 
with a right angle square lines up from these points and 
number them to correspond with numbers la, 2a, 3a, etc 
Now carry the lines i, 2, 3, 4 up to w /, as at 4^, s«, etc; 
then, by transferring the spaces on lines i, 2, 3, 4 between 
lines m I and J /, as from 46 to 4/ and $e to 5/, to corre- 
sponding lines on outside of loose piece. The points thus 
found will all lie in the plane formed by one side of the 
angular partition, and shown in the figure by line d /. 

To cut oflF the comer w, which projects beyond the circle 
ab Cf lay the piece on a surface-plate with the side shown 
in figure down, having first marked the line of great circle 
across the edge. Then with a templet which has one 
straight side to lay on surface-plate, and the other sides 
boimded by a circle equal to a b c having its centre on 
straight side, we can make a line which will show just how 
much to cut off this comer by laying the templet against 
the already beveled side of loose piece, and drawing a line 
around the circular edge of templet passing through the 
point already located on the edge of loose piece by circle 
a b c. 

There is still one more point to explain in case the angu- 
lar partition is cut through parallel with i4 J5, as it will then 
be necessary to cut off the comer of loose piece all the way 
around. After cutting the angular partition and also cut- 
ting the loose piece to line d /, place the piece on a surface 



230 PATTERNMAKING. 

plate in the position occupied when marked off comer w. 
Then by placing the templet used in laying out hole through 
angular partition against the beveled side of loose piece 
making the point at w coincide with the line of circle a b c 
on loose piece, draw a line around the curved side of tem- 
plet. Now gauge off on the outside of loose piece the 
thickness of partition o. These two lines show just how 
much will have to be cut off from loose piece. 



1 



PART FOURTH. 
METAL PATTERNS. 



. CHAPTER I. 

COMMON PRACTICE. 

Metal patterns for gating should be as light as possible, 
and may often be made hollow to produce this desirable 
result. For material from which to make the core-box to 
produce these hollow castings I know of nothing better 
than plaster of paris. Such boxes are cast over a core 
made of wood, and inside of a frame, or box of wood, 
which supports the plaster. The wooden core, or lighten- 
ing core-stick, as it is called, is much easier to make than a 
wooden core-box, and the plaster box is all-suffident for 
its pinpose. 

The mixture for brass patterns contains an overplus of 
tin, and should be all new metal; the large percentage of 
tin gives a good surface for the castings, which is more 
desirable than color for this work. 

Sometimes white metal is used for patterns which are to 
be gated. All I have to say about this is — don't. White 
metal patterns are only to be tolerated where it is neces- 
sary to avoid shrinkage. 

Aluminum castings are coming into use for gating and 
also for single patterns. Their extreme lightness is the 
only point in their favor, as they are difficult totreat, 
especially in soldering, and the shrinkage makes trouble. 
These objections, together with the fact that the foimdry 
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usually has to make a special pot of metal for ihem, almost 
prohibits their use. 

Copper and tin, with a little spelter, make a metal that 
is easily finished, easily soldered, and has a harder surface 
than aluminum or any of the so-called white metals. 

Gates may be of cast metai or of hard sheet-brass, the 
central or mam gate being usually a casting. Sheet-metal 
runners are stronger and will cost more to make up. This 
extra cost is partly offset by their durability. 

Iron castmgs are quite extensively used for single pat- 
terns of large size, and are more durable and cost less than 
those made of brass. Patterns for use on moulding- 
machines arc usually made of cast-iron and are fine ex- 
amples of the patternmaker's skill. 

Wood patterns have also been used on moulding- 
machines with more or less success, although for anything 
which is to be produced in large quantities a metal pattern 
is the cheapest in the end. The moulding-machine manu- 
facturers advertise that you can use your present patterns, 
whether of wood or metal, single or gated, on "our" ma- 
chines, and you will find that it can be done; but when 
it becomes necessary to replace these wood patterns, you 
will probably make the new ones of iron. Brass does 
nicely for small pieces on machines. It is easier to work 
than cast-iron, but it will not stand the moulder's brush 
as well. Machine moulding does not allow the moulder 
to rap the patterns, so the patternmaker mustn't make 
bis core prints fit too closely. 




CHAPTER II. 



SOME PATTERNS. 



I AM somewhat puzzled to fix upon a good example for 
this article, which, being intended for the eyes of the pro- 
fession, mustn't be too easy, and as I am hoping to instruct 
the boys, and also to interest those who have no need of 
further instruction { ?), it must not be too hard for the boys 
or lacking in interest for the older heads, 

I have in view a simple casting which is needed in small 
quantities for some lines of manufacturing, and can there- 
fore be produced at a satisfactory price from a single pat- 




tern, but which in another shop is perhaps required in 
such quantities that the cost of patterns becomes of small 
importance when compared with the reduction made possi- 
ble in cost of moulding and finishing. 

A good example of this kind of a casting is an ordinary 
waste-nut or gland-nut such as is used to hold the packing 
in the stuffing-box of the common brass globe-valve (see 
Fig. 102, which shows such a casting in vertical section). 
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If but few castings are wanted, a stn^e pattern, periiaps 
a v^ooden paitem, might be considered as great an expense 
as was warranted, still with the single pattern we add to 
the cost of moulding, and also to the necessary weight of 
the casting by giving the pattern draft, and by adding 
weight, the finishing cost is increased, the finisher ha\Tng 
to remove more metal. 

The single pattern, when made of metal, may be a cast- 
ing from a master pattern of wood. K not too large, 3 
better pattern may be made from solid stock. Here, again, 
the demand for castings must govern the expense for pat- 
terns, keeping in mind the fact that the better the pattern 
the more uniform the castings, thus reducing the cost of 
finishing as well as foundry cost, while increasing the cost 
of patterns. 

Unfortunately for the reputation of the trade, this happy 
result does not always follow the efforts which produce a 
large bill for pattern work. 

While we have been trying to decide whether we wiD let 
the "cub" make this single pattern of wood, at a cost of 
perhaps ten cents, and then meekly submit to the tearful 
complaint of the moulder that he had to dig it out of the 
sand (surely the castmg looks it), and calmly listen to the 
finisher, who, with considerable heat, explains that he has 
broken a special drill because there was so much stock to 
come out, and the casting was so rough that the chuck 
would not hold it, or whether to give the job to Mr. Slide- 
rest, who would make it from solid stock at a cost of not less 
than a dollar, but in such shape that we shall never hear a 
word from the moulder or the finisher. 

But the good spirits who guard and direct the efiforts 
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of the patternmaker now give us notice that they will re- 
quire more castings than can be furnished from a single 
pattern, and it is decided to make a gate of patterns. 

To produce these the master pattern is first made in 
wood, as accurately as possible, and with only a file finish 
if there are facilities for obtaining nice brass castings. If 
the nut casting required is small, better make the master 
pattern of brass, and then if there is doubt that the foundry 
will be able to furnish good enough castings (by "good 
enough" is meant such as can be finished with file 
and emery-cloth), then make all of them from solid 
stock. 

The cost of patterns from solid stock can usually be much 
reduced by making one or two special tools for the lathe. 
As the work is revolved while the tool is held in either the 
slide- rest or the tail-spindle, a flat drill filed to the shape of 
the inside of the nut, but having only one cutting edge, us- 
ing a pair of cahpcrs to fix diameter and a forming-tool for 
ti\e outside, will save much time which would otherwise 
be lost in making measurements and fitting templets. The 
hexagon portion of the pattern is turned to large diameter 
and then spaced in the lathe by the index which you have 
long before this marked off on the edge of cone-pulley rim, 
and a sharp line drawn to mark angles by a tool in the 
tool-post of slide-rest or by using a surface-gauge on any 
convenient part of lathe which is parallel with lathe spin- 
dle. 

The filing of the fiats is the most expensive part of the 
job, and really furnishes the strongest argument for the 
use of castings made from a master pattern; and castm^ 
can be made good enough for patterns. 
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If you decide to make white metal patterns for gating, 
change your mind before it is too late. 

The gating of brass patterns is largely a question of 
usage, the runners being sometimes cast on the patterns; 
this interferes somewhat with the finishing of the patterns, 
but lessens the cost of gating. The runners may also be cast 
separately, mortised, and soldered into patterns, and then 
the pattern and runner soldered to the main gate. Again, 
the runners may be cut from sheet-brass, and the patterns 
mortised and soldered, one to each end of a runner, which 
is then placed cross-wise of the main gate, the main gate 
being cut down to allow the runner to go down flush, and 
then soldered, thus making one surface of the completed 
gate flat. 

While this last construction costs more than the cast 
runners, the sheet-metal is stronger and the repairing is 
confined to re-soldering loose patterns. The cast gates 
often break at their weakest point, which is near the pat- 
tern, making it necessary to replace the whole runner or 
spUce out the old stump with sheet-metal. 

In finishing the runners, the material of which the cast- 
ing is to be made must always be considered, as you will 
need a larger gate for composition than for either gray or 
malleable iron. Also for composition, there should be 
quite a large fillet left where runner enters pattern, while 
for iron there should be as httle fillet as possible. 

And now a word of caution about finishing the gate and 
runners. Always have in mind the fact that the gate forms 
a ditch (and really the gate as seen in some moulds looks 
like a ditch, and a very poor ditch, too) for the liquid metal, 
and the stream of hot metal will cut off and carry along 



SOME PATTERNS. 23, 

with it any loose sand or sharp, weak comers left in the 
"ditch," depositing this drift in the castings and causing 
dismay among the stockholders. 

Therefore, let the curves from runner to gate be easy, 
and as the runner approaches the pattern, make the draft 
dean and true so that the firm surface of the mould will 
not be disturbed by the moulder in drawing the patterns. 
There is probably nothing new in all that has been said 
so far for the most of us, but when so many castings are 
required that wc decide to use the moulding- machine, and 
the patterrmiakcr is required lo furnish suitable patterns, 
the task becomes more interesting, as I will try to show. 

With the single pattern or ^ith the gate of patterns the 
■esponsibility of the moulder is greater than with the ma- 
f^^se patterns, while the reverse is true as regards the 
laker, who is now expected to become machinist 
as patternmaker and furnish a set of patterns which 
snail have just enough stock for finishing, with no addition 
for draft or inaccurate work, also so arranged as to produce 
the greatest possible number of castings from a single flask 
of given size. . 

First, decide where the parting of mould is to be made. '| 
In the shape shown in Fig. 102 it must evidently be at one 
of the shoulders formed by the edges of the hexagon, pref- 
erably the upper edge, because the shoulder in core is 
Eearly opposite this shoulder. While it is not absolutely 
necessary to make the parting on outside match the part- 
ing in core, it is better to do so if possible, as in this 
case. 
There will now be required three master patterns, as I 
^^ows: One like Fig. 103, which makes the lower half ofJ 



I 

I 




240 PATTERNMAKING. 

pattern ; one like Fig. 104, for the upper part ; and one like 
Fig. 105, which is called the stool. 

Before we can fix the dimensions, A, of Figs. 103, 104, 
and 105, we must consider the moulding-machine. Let ua 
suppose that for Figs. 103 and 104, A will be iV; then A 
for Fig, 105 will be li" plus thickness of pattern-plate; C, 
Fig. 107, plus space K, between screw H and plate C, which 
space is a little more than the greatest lift, in this case a 
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Fic. J03. Fig. 104. 

little more than space L; plus the height of screw H, plus 
S, plus P, minus L. Seems rather mixed, doesn't it; but 
with something definite for the size of the casting, and 
knowing all the points of the moulding- machine to be used, 
it isn't very hard to fix this dimension, A, for Fig, 105. 

The plan or bottom view of Figs. 103 and 104 is as 
shown in Fig. 106, the lugs NN, which arc for the screws 
used to hold patterns in place on plate C, being so arranged 
that the patterns may be placed as closely together as possi- 
ble and mould successfully. Fig. 105 is round in section 
for its whole length, and is not fastened to the plate X, its 
weight keeping it in place. 

Masters, Figs. 103 and 104, must have finish allowed on 
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diameters, S and W, all of which had best be made round, 
y and also on each end. Fig. 105 must have finish on diame- 
ter U and also on ends. W must finish to largest diameter 
of hexagon — i.e., across the comers, T to the 
round portion at top and bottom of Fig. 
102, and U, Fig. 105, to the diameter of 
hole in bottom part of Fig. 102. All Figs, 
are lettered to correspond each with the 
others. 

It is really the case that these patterns 
may be made and used successfully with ab- 
solutely no draft, the stripping-plate, B, and 
stools, U and V, Fig. 107, supporting the 
sand wMle the patterns are being drawn. 
It is impossible for the moulder to rap this 
form of patterns, and the castings come so 
true that it seems almost a pity to submit 
them to the skill ( ?) of the finisher. Some of the pattern- 
makers who have perhaps not been favorably impressed 
with the appearance of finished goods may be willing to 
sympathize with me in this matter, as all of our craft know 
that neither the moulder nor the finisher ever fully real- 
izes the poor patternmaker's expec- 
tations. Still they are necessary 
evils that the manufacturer must 
continue to submit to. 

The castings from master patterns 

having been made, we proceed as 

follows: Fig. 103 is held in a 3-jaw 

chuck with its lower end out, the hole is drilled about 1-16 

m. under size, then bored nearly to size and finished with a 
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standard reamer to the required size, U, tben mounted on 
an arbor, turned to size at T and S, the bottom end squared 
off true and flat, and the top end cut down within 1-32 in. 
of finished length. Now put a good, stiff face-plate on 
lathe spindle, see that the face is flat and runs perfectly 




true, drill a |-in. hole in centre of plate and bore it out to 
about I -in. ; the boring is to bring the hole central. In this 
hole fix a short piece of brass or soft steel, shouldered 
against plate, and large enough to finish to size U. 

This stud may be secured by screw and washer from 
back side of face-plate, then finished to fit nicely in the 
reamed holes in parts made from Fig. 103. These parts 
are placed, one at a time, over the stud thus formed, the 
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bottom end against the plate and secured by two L-shaped 
clips, placed with the long end on lugs shown on Figs. 104 
and 103, and then bolted to face-plate. 

The slide-rest is now set by trial until the toot cuts the 
first one to the exact length, after which all the rest may 
be cut to length without disturbing position of slide- 
rest. 

As any variation in length of the patterns will be repro- 
duced in the castings, it is well to be very careful in cutting 
to exact length, also when squaring bottom end it should 
be tome in mind that all of the patterns when fastened to 
plate C must stand up square and true or else the strip- 
ping-platc B will bind. 

Now make a former tool to fit P in Fig. 102, leaving a 
small fillet in comer next hexagon, and by replacing the 
pieces, one at a time, on face-plate and getting the tool in 
position, first feeding in until the diameter is right, and 
setting stop on cross-sUdc, then feeding toward face-plate 
until the length is right, clamp the slide-rest and all of the 
, pieces may be formed up alike by using the cross-feed 
only. 

Parts made from Fig. 104 are made up in the same way, 
the hole being made like V, Fig. 102. 

Fig. 4 piece is turned between centres and the small end 
squared off, as no centre must be left in large end of fin- 
ished piece; this end is left long, pro\"ision for this being 
made by the |-in. added to finish length, A of Fig, 105. 
A spring chuck is made to fit diameter U, and nearly as 
deep as finished length A; the pieces are placed in this 
chuck, cut o£E nearly to length required, then replaced, 
and the tool set until it finishes the first one to the exact 
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length, then without distiirbing tool all are finish^ 
same length. 

There is a second set of stools similar to Fig. 105 required 
to fit hole V in part Fig. 104, but as these are small they 
may be made from machine- steel. 

In making up parts Fig. 104, one extra is carried along 
through the different operations, until turned to size, then 
diameter W is cut down to small size of hexagon. This 
is used by the milling-machine operator to gauge the other 
pieces when the hexagons are miUed to size. 

As many of the posts, Y, and screws, Z, may be used as 
are thought necessary, but four screws, H, will be enough 
for any set of patterns. 

The plates B and C are cast sohd, and the holes for the 
patterns in B are spaced equidistant from a centre line, 
and at right angles thereto, by using a jig ; the holes through 
C are drilled after the patterns are fastened in place. 

When the machine is operated to draw the patterns, 
plate C is dropped with the patterns which are fastened to 
it, plate B, the stripping- plate, remains stationary, with the 
flask and stools V and U, these stools being supported by 
stool-plate X, which in turn is fastened to plate B by bolts 
Y. The motion of C continues until it strikes set-screws 
H, at which point the patterns are entirely clear of the 
mould and the cores are still supported by the stools Y 
andU. 

A further movement of the machine may be made to 
raise flask from plate B, but as this is a critical moment, 
when a little unsteadiness in the lift may break some of 
the delicate cores, it has been found best, and especially 
BO in the case of such small patterns as are illustrated, and 
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which require only short flask pins, to trust to the skill of 
the moulder in lifting the flask. This skill may vary as 
pay-day comes nearer; in fact, it may be entirely wanting 
immediately after pay-day. 

As the operatioQ of the machine is evident, after the 
explanation given above and examination of Fig. 107, 
the only remaining point of interest to the patternmaker 




is the laying out and drilling of plate B. This is done 
almost entirely by the use of the jig mentioned. 

The jig spoken of in the former article is illustrated by 
Fig. 108, and it consists of a bar A, with the ends projected 
to one side as shown, to allow of drilling holes directly on 
centre line AA, Fig. 109, thus making it possible to cover 
Ak entire plate and allow for placing a pattern anywhere on 
its surface. 

This bar has two guide pins, B and B„ which enter holes 
drilled at each end of plate, exactly on the centre line AA. 
AD spacing is done from these holes, thus making sure thai 
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aJl patterns are at uniform distances from the same cen! 
line. This is a very important feature in work of this 
kind, as every other mould must be reversed to form a 
cope for the preceding nowel. 

The arm C is fitted to bar A with tongue and groove, 
which groove must be parallel with a line drawn through 
the centres of pins B and B,, and it may be clamped to A 
at any point by bolt through both parts at D. Arm C is 
slotted at right angles to A, for piece E, which consists of 
a hardened steel bushing held in place by clamping nut, 
and having a hole for a small drill. Finally the whole jig 
is so constructed that it may be used cither side up. 

And now a few words will show how it is used. Having 
spaced off the plate roughly to ascertain how many patterns 
can be used, and decided upon their arrangement as re- 
gards gating, we are ready to drill our plate. 

Here is a good place to put in a few words about spacing. 
As I have given no dimensions to the castings for which 
these patterns are to be made, I can only approximate the 
spacing, and give a general rule for such work. Make the 
space between any two patterns in the same row not less I 
than one-third of the height of the pattern, the distance 
between any two rows not less than one-half the height, 
ELod the distance from pattern to runner about one-half 
inch. 

To return to our drilling. Fig. log Is a plan of plate B, 
Fig. 107, each of the small circles representing a pattern. 
As the gates for each double row of patterns run length- 
wise of the plate, and have an enlargement near one end 
where the sprue enters, this set of patterns must be arranged 
so that the alternate moulds may reverse by turning flask 
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from front to back, rather than endwise. This means that 
pattern i must be at the same distance from centre lines 
AA and BE as pattern la. This is accompUshed by setting 
bushing E, Fig. io8, to position for pattern i, and then by 
reversing the jig the hole for la may be drilled without 
disturbing the adjustment of jig, and further, as pattern 2 
is spaced at the same distance from line BB as pattern i, 
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''It on the opposite side, the jig is now turned over end for 
^id, and 2 is drilled; then again reversing the jig we drill 
^S) thus drilling, or locating, four patterns with one setting 
°f the jig. 

^or the next hole, pattern 3, leave E, Fig. 108, clamped 
**st and loosen D, then slide arm C along bar A to positioa 
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for 3 and clamp; this adjusts jig for the next four holes, 3, 
3a, 4, and 4a, Fig. 109. It will be seen that the jig is 
made to follow the same motions that the half-moulds go 
through in using tliis set of patterns. By leaving E, Fig. 
108, clamped fast until one entire row of patterns length- 
wise of the flask, on each side of line AA, or line about 
which the half-moulds are revolved in making alternate 
copes and nowels, we locale each row of pattens in a 
straight line. 

If it is desired to turn the copes endwise instead of side- 
wise, let D, Fig, 108, remain clamped fast and loosen E for 
each successive set of four patterns, until a row of holes 
has been made across the plate on each side of line BB. 

The small holes are afterward enlarged by counterbores 
of size to fit diameter of round pattern, Fig. 104, and flat 
sides of hexagon pattern, Fig. 103. 

We now make a hexagon templet having on one side a 
short projection turned to fit counter-bored hole, or diam- 
eter of flats on pattern like Fig. 103, this hub, of course, 
to be central with hexagon. 

This templet is used to lay out the hexagon -shaped holes 
required for all patterns like Fig. 103. The holes are then 
counter-bored again, this time from the bottom side of 
plate, to a diameter slightly larger than comers of hexagon, 
ajid to a depth which will leave ^" thickness on top-surface 
to be filed through to lines marked around hexagon tem- 
plet. In laying out hexagons, always have one flat side 
next the gate. 

And now as to placing patterns. It will be imderstood 
that pattern sa in nowel will become pattern 5 in cope, 
and as it takes one Fig. 103 piece and one Fig. 104 piece 
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to make up a complete nut, there will be, in the completed 
flask, one each of Figs. 103 and 104 at 5, and also at 5a, 
and further, if at 5, on plate, we have elected to place 
one piece like Fig. 103, then there will be a Fig. 104 at sa 
on the plate. Bearing this alternation of position in mind, 
the nmners may be placed to connect only those patterns 
like Fig. 104, thus doing away with one-half of the runners 
and still having a runner to each casting. 

The only difference between cope and nowel in using 
patterns of this kind is made by the moulder in cutting 
the sprues through the cope, three for this set, but by 
leaving out one or two pieces at the sprue end of each row, 
in all but two outside rows, the gates may be joined so that 
the moulder can pour the entire mould from one sprue 
instead of three. 




The casting to be made is shown, full size, in Fig. no, 
and while it has since been demonstrated that it could be 
made on a simple vibrator plate, it was deemed advisable, 
as a great many would be used, to put it on a stripping- 
plate and save the metal which would be required to get 
the necessary draft for a vibrator- plate. Again, the cast- 
ings from the strip ping- plate, besides having less stock to 
cut off, would be perfectly straight, 
making it very easy to hold them 
for machining. 

By looking at Fig. no it will be 
observed that there is a cavity in 
each end of casting. The figure 
shows a vertical section; all lines 
in a plan view would be circles. 
The cavity at A is comparatively simple, and can be man- 
aged in the same way as that shown in bottom of waste- 
nut, Chapter II., Fig. los. The other end, B, of this 
casting, Fig. i lo, is not so easily made, as it is necessary 
to provide a support for the central pin, C. This pin must 
be fastened to ring D in such a manner that it will move 
with D when drawing patterns, while the core which forms 
the cavity, B, remains fixed with the stripping-plate. This 
was accomplished as follows: 

ay _ 
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The piece, Fig. no, was parted on line EF, which is a 
the top surface of stripping-plate, B, Fig. in. The pat- 
terns for upper end, A, were made hke Fig. 112, of hard 
brass, and the stool, like Fig. 113, of machine- steel. Pat- 
tern for lower end, B, was, like Figs. 114 and 115, also of 
brass. This last figure shows the piece which forms the 




pin C. The stool for recess B, Fig. no, was made, like 
Fig. 116, of cast-iron; the lower part, up to line AB, being 
cast to finished size by the use of a core. The slot CD, 
being a litdc wider than the bar, A, of Fig, 115, the stool 
kept its relative position, whOe the stripping-plate A, Fig. 
in, moved up in the operation of drawing the patterns. 
In all forms of stripping-plates, especially in those with 
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stools, sand accumulates in the working parts and join 
and unless this accumulation can be easily removed con- 
siderable time is lost by the moulder. With the style of 
plates shown in Fig. iii (and in Fig. 
107, Chapter II.), when the machine 




is operated as for drawmg the patterns, all of the stools 
are projected beyond the tops of patterns and may be 
readily taken out and cleaned, as they are not fastened in 
any way, their weight alone keeping them in place. 

Pieces 112, 113, 114, are finished in the same manner 
as was described in detail for parts 103, 104, and 105, in 
Chapter II. Fig. 115 was turned between centres and 
then soldered into loS, being held in position for soldering 
by a sleeve which fitted pin C and hole A, Fig. 114. 

The stool, Fig. 116, was the most difficult piece to make, 
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as can be seen, the size and shape of the casting making 
it hard to machine. 

First, the roimd hole which was cored in the lower end 
was reamed out, roughly, the free ends of casting being 
held in a ring, which was slightly tapered inside, and was 
forced out over the end. A bushing was then made to 
fit this reamed hole. As these holes were not all of exactly 
the same size, the bushing had to be fitted to the largest 
and forced into the smaller ones; and during the operation 





(XX) 




Fig. 114. 



Fig. 115. 



of drilling the casting was held firmly to bushing by a 
damp-ring placed over outside of casting. This bushing 
was first used as a jig to guide drill for hole through upper 
end of Fig. 116, and with the hole in bushing, reamed out, 
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it was used to steady the reamer for sizing the drilled hole 
in Fig ii6 

Second, an arbor was made to fit this reamed hole, hav- 
ing at Its opposite end a tapered sleeve, made in halves, to 
fill the varying sizes of holes in Fig. 1 16. 
This sleeve was made in halves be- 
cause the two legs of each stool, not 
being of the same rigidity, -did not 
spring equally when the bustling for drill- 
ing and reaming the upper end of Fig. 
ii6 was forced into place. 

The arbor was first pushed through 
the reamed hole and the half-sleeves 
shd into the lower end of Fig. ii6, 
until each half was nicely in contact 
with one of the legs, then the clamp- ring 
was placed over casting and tightened. 
Tliis clamp was a plain ring with a 
set-screw tapped through it; the screw, 
with a stud in face-plate, made a driver 
for the work. 

Thus we were able to hold this slender 
casting between centres and finish the 
two ends and outside, above AB, true 
with the hole. 

The jig shown by Fig. 108, and de- 
scribed in Chapter II., was used to space 
and drill stripping-plate for this job. 

The hole D through pattern-plate C, Fig. iii, was made 
of the size shown by dimension A, Fig. :i4. This gave 
piece Fig. 115 the support of the pattern-plate. 
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Castings made from this set of patterns, and from the 
set described in Chapter II., were fine examples of the 
patternmaker's skill. 

Plates B, C, and X, Fig. iii, correspond to those with 
similar letters in Fig. 107. Pattern-adjusting screw is let- 
tered Z in both figures, while the loose collar A, Fig. iii, 
is used for fixing the amount of lift, instead of screws, as 
shown at H, Fig. 107. 



CHAPTER IV. 



A VIBaATOK-PLATE PATTERHr, 



The pneumatic tool, technically known as a "vibrator," 
and which gives, in the brass-foundry, the same or bettei^ 
results than the long roll played by the helper, with tw(^ ■ 
rammers, on the inside of the sand-trough, enables us to» 
successfully mould many pieces without going to the ex- 
pense of stripping-plates. One of these castinp is shown- 
in Fig, 117, 

This casting might be parted through the centre line of^ 
its length, but this would leave the joint of mould all the 
way around nut, making more work for the polisher. It^ 
was therefore decided to make the parting follow the comer* 
A. This makes a crooked joint, as is seen by examining" 
any hexagon nut made with chamfered ends. How to 
make this pattern is shown below. 

Fig, 117 shows a sectional view through largest diameter 
of nut, and a plan view. By inspection of the plan, it will 
be seen that the middle of flat side has a height equal to 
whole height, or thickness, of nut. Therefore, the parting 
in mould would range between A and B, while the parting 
in core had best be on line C. 

It will be noticed that letters are used to denote dimen- 
sions in the figures illustrating this chapter, the same letters 
being used through all of the figures. 
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F^. 118 shovs two pieces: the nut, i, complete as re- 
gards the outside, but having only the larger end of core 
cut out, D diameter, and G depth. The end of nut is 
ckmfered on the inside, at the end of opening, as shown 
at L; this strengthens the core by doing away with the 




sharp an^ which would otherwise occur at this point. 
The flat ades and the inside of D require a little draft. 
The other piece, 2, in this figure, is a ring bored to fit 
over the chamfered end of nut, as shown in the figure, with 
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the outside diameter *" greater than largest diameter of 
nut, as is indicated by the dimension F-J-J*. The thick- 
ness of this ring must be equal to amount of chamfer on 
nut, 1. When these two pieces are placed together, as 
shown in Fig. ii8, the chamfered ring fits over the nut 
and leaves pockets at each flat side. This arrangement 
makes the parting line follow the corner, A, Fig. 117, and 
thus forms the crooked Joint necessary. These pockets 
are shown very plainly in Fig. 119, which is a section 
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Fig, 1 18. 

through flats, or shortest diameter of nut. The pockets, 
shown at their greatest depth, the thickness of ring 2, are 
seen at M. 

For the mating part of this mould, the pattern 3, Fig. 
120, is required. This leaves a cavity in the mould which 
fits over and around the six little projections of sand, 
formed by pockets M, Fig. 119, for each nut in the set. 
As these projections would he very easily crushed in closing 
the mould, and thus ruin the castings, the piece 3, Fig. 
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1 20, IS made slightly larger in diameter than the nut, as is 
indicated by the dimension marked F+i-64'^. 

Part 3 has the flange thickness, marked I, of same thick- 
ly ^ ^ 

I ^ ^ 




Fig. 119. 

ness as ring 2, which also has the thickness marked I. 
Part 3 also completes the core by means of the cavity, E 
diameter, and H depth. The projection, N, on bottom of 
Fig. 120, is merely for centring and locating part 3. 

As many sets of Figs. 118 and 120 were made as would 
be required to fill the flask, three pieces in each set, as 
shown. 

h- F+^ -1 

j 1^ £. 4 
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Fig. 120. 



This set of patterns was fitted into a pine plate, the 
plate being first made weather-proof by saturating with 
hot paraffine. 
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The plate was then laid out by spacing the centres of 
patterns, working from centre lines. After the centres 
were marked, the plate was chucked in the lathe, bringing 
each pattern centre successively to the centre of the lathe, 
and then fitting in parts 2 and 3 as required. Part 2 is 
fitted down flush with the surface of plate, and part 3 let 
in until the flange rests on plate. 

The patterns were made of brass, that the completed 
plate might have weight, thus doing away with the neces- 
sity of fastening the plate down to moulding machine. 

The patterns might be made of wood, but they would 
then be so light that the moulder would have trouble in 
separating the mould from the patterns and plate, which 
is, as all patternmakers know, a vital point in foundry 
work. 



CHAPTER V. 

THE EVOLUTION OF THE GLOBE VALVE CORE-BOX. 

Patternmakers are perhaps as a rule fully up to 
other tradesmen in the matter of progression, and instead 
of making all sizes of globe valves after the style shown 
in Chapter X. of Part Fourth, as regards cores, we now 
produce castings up to 6'' and 7'' sizes without making 
the cores in halves, or in the expensive box shown for the 
16'' valve. 

It will readily be imderstood that the 16'' style of 
box becomes a very fragile and delicate affair when made 
for small valves; it being extremely difficult to make 
these small boxes dvurable, and keep them in good repair. 

The patterns for the small sizes are, in most respects, 
like the 16'' already illustrated; the principal difference 
being that the small ones are not made hollow. All 
that has been said of the 16'' pattern, after gluing up, 
will apply to the ones now imder consideration. But 
when we come to the core-box, that which applies to the 
16'' valve does not fit this case at all. 

The box, or boxes, there being two required, in general 

use now, make the cores as shown in Fig. 121. Before 

describing this box, I shall refer briefly to a style of box 

which enjoyed a short and brilliant career, but had no 

staying qualities. 
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This box I have endeavored to illustrate in ] 
It was commonly made of wood, although some were, I H 



1 Fig. 122. I 




believe, made of cast iron. It was in six pieces, four of 
wood and the other two smaller ones of brass. The 
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brass parts formed the seat and dividing partition. 
The core, when taken from the box, was complete, and 
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only needed baking to be ready for the mould. The' 
manner of production was as follows: * 

Referring to the 16" box, which parts the core in a 
plane parallel to the spindle of the valve, we have only 
to make the two half-boxes, each from a single piece of 
stock and without the "haU-moon" and "wings," to 
illustrate the first move in making the box shown in 
Fig. 122. After the two pieces of stock are squared up 
and jointed together, they are fitted with four dowels. 
A A A A, two each side of the angular partition, B K. 
Lay down on the joint face of the half without pins the 
centre lines, C D and E F, and carry them over to the 
side opposite the joint, which side should be strictly 
parallel with the joint. 

Lay down the two lines marking the thickness of the 
angular partition, carrying them entirely around the 
box; then locate the half-box on a face-plate by centring 
the intersection of lines C D and E F. After testing in 
the lathe to see that it is centred correctly, fit on the 
other half by its dowels, and mark the centre on the 
outside, or turn a shallow recess to fit a face-plate; thus 
matching the two halves for turning out the body sphere. 

If you are now careful, in turning, to make both halves 
of the same diameter, they will match nicely at the 
parting. A circular templet, turned in the lathe, is best 
for testing the box while turning; and a depth gauge, 
set to one-half the inside diameter of ball, makes it 
possible to use the complete circle as a templet, without 
crossbar or hne to gauge the depth. ^M 

The three ends, C, D, and E, may also be bored out in ^H 
^^iathe, if your lathe is equipped with a slide rest; in ^H 
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fact, the entire box may be finished in the lathe as was 
the custom for core-boxes for small and medium sizes of 
valves. The only parts worked by hand were the round 
comers where the three ends join the globe. 

The box should now have four holes, two in each half, 
drilled through parallel with the joint, on lines G H and 
/ /. These holes must also be parallel with centre line 
EF, and for a 2" valve, they should be }^" diameter. 
Use brass rod for these dowels, and place them so as to 
leave the distance from A" to outside of box at L a little 
more than the length of B, the piece shown in Fig, 124. 

The fifth piece. A', of brass, for a 2" valve, should be 
X" thick. This piece was a casting, the pattern for 
which was made in this way: 

A squared block of wood is fastened to a face-plate and 
bored out to receive the pieces A and B, Fig. I^3, which 
pieces are turned up as a split pattern, with the end C 
like the outline of seat M N 0, Fig. 122. Then the face 
of block is carefully cut away, on the angle of partition, 
until the cavity left in the face allows the piece A to 
enter to the depth which the seat, UNO, projects 
beyond Une B K, Fig. 122. This hne will be the face of 
the completed chuck. Then fasten a small piece of wood 
in the cavity in such a position that after it has been cut 
off even with the face of chuck, the centre can be located 
and centre lines marked across the face at right angles, 
using the squared sides of block as a guide for so locating 
them, the block having been beveled so that opposite 
sides are of even thickness. 

Now get out the plate B K, and draw centre lines, one 
for the joint of the box, and another at right angles with 
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the first, on eadi side oi BK, vfaere tbe fine E F inter- 
sects either surface ci BK. Locate the plate on the 
chuck by these centre lines and JR^m . Bore out until 
the piece A^ Fig. 123, wiD go through to its place in chuck; 
now turn plate B K over, bringing the 
edge which was on thin side of chuck j 
to the thick side of cfandL, and locat- 1 e 

ing by the centre lines, fasten and bore ' ' ^ 
out to fit piece B. This piece may now 
be glued to the plate, — be very careful 
to keep it centraL After the ^ue is FicTitZ 

dry, cut off all of £ that projects above 
the surface of jdate BK, and turn plate over to its first 
position, due in the other half, A, of seat, cut off even 
with the plate, and then bore out to line PQR9 Fig. 122. 
Again reverse the plate and bore out to line S TO, this 
time boring through seat, fcfl- opening, and roimding 
comer, as at T. 

Now take the piece from chuck, and after rounding 
the comers where circular seat comes to the siuiace of 
plate B Kf finish with shellac and send to the f oimdry 
for casting. 

Note this point: if the piece B K has been correctly 
made, the thickness through seat is as much greater than 
thickness of seat A in Fig. 126 (which is a core of the 
same size as the one made in box shown in Fig. 122) as 
the thickness of plate B Ky when measured on line EF.is 
greater than thickness of angular partition measured on 
the same line. This extra thickness is taken up by the 
disk il, on anchor mould, Fig. 124, the piece B K, being 
recessed on top side to receive this disk, as at Ry Fig. 122. 
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The space between lines for angular partition is now 
cut away and brass plate B K located and drilled for 
the y^" rods. These rods may now be fastened in the 
box; the rod G fastened in C end and rod J in D end. 
Having the plate B Kin position, put the piece X against 
the edge of plate and fasten securely. Repeat this 
operation for Y and fasten to other end of box. These 
pieces, bearing against the edge of plate, hold the parts 
of box firmly in position, and as they are made the 
exact thickness of angular partition, they also serve to 
bring the ends C and V into line after plate B K has been 
removed. 

The sixth and last piece of box is the anchor mould. 
Fig. 124, made of brass, the two ends being alike on each 

^^^^ side of the centre disk, A. The pattern from wiiich this 
H is cast can be used for the anchor shown in Fig. 125, by 

P removing the dislt A, 125 being exactly like 124 with 

f disk removed and the ends brought together. 

I In making the core, the end C, which is the inlet end 

of valve, is made first, the plate B K and piece 124 being 






Fig, 125, 
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in place. Then the box is laid with F side down, end 
E is put on and box filled up, the print finished and nailed. 
With side G EI on core-plate, remove end C, leaving 
plate B K down. Set this part, with core still in box, 
down on print end C, then draw off plate B K and remove 
anchor mould, 124. Daub an anchor. Fig. 125, with 
paste and set it in part Z>, put on inlet end, and having 
removed clamps, draw the box away from core, leaving 
the completed core standing on end £, ready for the 
oven. 

I have been at some pains to describe this obsolete 
form of core-box because nearly the same operations are 
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Fig. 126. 

gone through in making the wooden masters for the 
core-boxes in use to-day. 

Still another form of box for the small valves is shown 
in Fig. 126. These valves have what is technically 
known as a "bibb" seat, that is, like the seat of a com- 
pression bibb or faucet. This seat, A A, was formerly 
made to draw out through the side of the box, and all of 
wood. The next step was to make the slides, A A^ ot 
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brass. Then the box was made of cast iron and the 
slides cut through. The cast-iron boxes were at first 
made from square, solid blocks, and after being planed 
up and dowelled together, the outline of core was laid 
out on the joint side, but before cutting the box out (this 
cutting was done in the lathe after the manner described 
for the wooden box, Fig. 122) the seat was laid out, cut 
through both halves and the shdes fitted. 

These openings were then filled with lead to prevent 
the comers from chipping off when working out the 
inside. Rather an expensive box, but this was improved 
upon by casting the two halves from wood or plaster 
masters, then laying out and fitting the shdes from the 
outside of box. This was again bettered by casting the 
half boxes complete with seat, from plaster masters, 
which is the present method. 

Some foundries will prefer metal patterns, which may 
be made from master patterns, allowing for the extra 
shrinkage and also for finish on patterns where necessary. 
It is well to have the flanges loose, and flanges may also 
be made of wood to lessen the weight of pattern. The 
grooves for locating and holding the flanges in place 
should be finished in the lathe, as should also the prints. 
If patterns for use on a moulding machine are required, 
this same master may have flanges fitted, and the entire 
pattern made of cast iron. 

The iron patterns should be lightened by coring out 
the inside, and to accomplish this we shall need a core- 
box. This box may be quickly and cheaply made of 
plaster. We must have a core-stick exactly like the core 
needed, but as the inside of pattern need not be made 
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to exact dimensions, we need not spend much time in 
sizing the stick. Make calculations for dowel pins and 
rapping holes in the iron patterns if they are wanted 
for floor moulders. If they are for the machine, no rap- 
ping holes will be required. The pattern should have a 
dowel at the end of each print and one place for rapping 
at the centre of its weight. 

After the core-stick, commonly called the lightening 
core-stick, is finished with at least two coats of shellac, 
give it a good surface, for it will not work well unless 
it is smooth; make a frame, like a box without top or 
bottom, large enough to hold the stick and leave a margin 
of not less than half an inch on all sides. The depth of 
this frame should be half an inch greater than the greatest 
depth of stick. Give the core-stick a good coat of tallow. 
Don't use oil, because it runs off and fills up the comers. 
While this would be no serious matter in a core-box of 
this kind, it would spoil a regular core-box, and it is well 
not to form the habit. Don't put the tallow on an eighth 
of an inch thick, but be sure that every portion of the 
surface is greased; if you miss any part, the plaster will 
find the dry spots, as you will discover to your sorrow. 

Make ready a surface plate as large as the box you are 
going to make. As this may be used over and over 
again, it will pay to make a good one. It should be well 
varnished to make a good surface, and prepared with a 
coating of tallow to prevent the plaster from sticking. 
Now place the stick with its flat side on surface plate and 
fasten it down. As the plate forms the joint side of 
box, we should take pains to keep the stick, and also the 
frame which will form the outside of box, down on the 
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plate. The stick may be held down by a screw, pat 1 
through the plate from the bottom; and the frame can 
be held by handscrews. To this end the plate should 
be held up from surface of bench or floor by strips of 
wood fastened to its bottom side, and high enough to 
keep the handscrews from striking. These strips also 
keep the surface plate flat, thus serving a double purpose. 

We are now ready to mix the plaster, and, if you have 
never made any plaster moulds, you had better experi- 
ment a httle in order that you may learn how to get the 
best results. A good general rule is to mix the plaster as 
thick as it will run. It should also be mixed thoroughly 
and as quickly as possible. Test by the appearance and 
also by the touch. You will find that you obtain the best 
results when the plaster is so mixed that it feels and looks 
greasy when ready to pour, and it then sets very quickly 
after pouring. The proportions of plaster and water 
depend a good deal upon the freshness of the plaster, as 
does the time required for mixing. 

Well, supposing that you know all about plaster (I 
don't), or have learned by this time; mix your plaster 
and pour; then, as soon as possible, strike off the top of 
your mould, which will be the bottom of the completed 
box, and nail on a board to protect the plaster. After re- 
moving handscrews and screw in core-stick, turn over the 
box, and after thoroughly rapping the stick, draw it out. 
You will now be able to appreciate some of the difliculties 
which beset the moulder's way, although your plaster 
mould will not break up as easily as his sand mould; to 
offset this the sand mould, by rapping, becomes a little 
larger than the pattern, thus facilitating the c 
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drawing the pattern. The plaster mould cannot be en- 
larged by rapping, but if you have greased the stick 
thoroughly, it will come but readily enough, then the box 
should have two or three coats of thin shellac, when it is 
ready for the core-maker. 

After experimenting with the lightening core-stick and 
box, we are now ready for the more important regular 
core-box. It is proposed to make this box of plaster, and 
to use the plasters as patterns to get iron castings, which, 
after being jointed together and dowelled, will make a 
first-class box, and a cheap one. 

The boxes: I say boxes, because the best and cheapest 
way to make globe valve cores is to make them in two 
parts, like Fig, 121, and paste them together after they 
are baked. This will require two boxes, and they need 
to be very nice; therefore make them of plaster. 

For the core-stick we shall want stuiT got ready to 
make two pieces like Fig. 127, two for 130, and one for 
lag. The two like Fig. 127 are to be jointed together 
and turned hke a split pattern, making, as seen by re- 
ferring to the illustration, one pipe end and the ball or 
globe. The bail should be turned as nearly as possible 
with its centre, or axis, exactly in the joint. The dimen- 
sions should also be very accurate, making due allow- 
ance for the shrinkage of the iron box which is to be made 
from the plaster patterns. Separate the two parts, and 
chuck one of them, Fig. 127, with the ball in the centre 
of the lathe, and the flat surface of joftit perfectly true- 
When this is done, if you centred the piece exactly in 
the joint when it was turned up, you have now put it 
in the lathe at right angles with its first position, with the 
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i hthe peipendicular to the plane of the j^l 
FneoAerlulf sfaookl now be placed upon 127 and fast- 
Nov bore through the last piece to the outside 
tec of the cell-like partition which surrounds the 
nd sepuates the inlet from the outlet, marked by 
' Ifce broken Hue a, in Fig. 128. Then, removing this half, 




Fig. ja8. 

1 127 by caiT>'ing the bore down to the bottraa 
I td the seat, indic&ted by line b in Fig. 127. 

Ibe seat of a ^obe \'al\-e, in most cases, comes in the 
ocDtre of die btlL In a case where it does not, this 
put, F%. 127, sboukl be cut down an amount equal to 
the greatest dstance idiich either side of the seat may be 
away from the centre, and a thin plate of wood fitted in 
the recess to bring the surface near enough to the centre 
of the ball to correspond with the other side of seat 
Bore the small hole, marked b, througb 127. This ccaor 
pletes the lathe work on these two pieces, so put on a 
coat of shellac and proceed with 129. 

This piece forms the yoke or hub end of the core-stidt, 
and the print is made tapering 50 that it may draw ea^y 
out of the box, as will be shown further on. It will be 
seen by the broKfen lines in Fig. 129 that it is hollowed 
out to fit over the ball and has a pin at the centre turned 
to fit b, Fig. 127. This serves to bring 129 central with 
12^ when making the yoke end of box. Give the part 
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shown in Fig. 129 a coat of varnish and pass on to Fig. 
130. There are two views of this piece for the reason 
that, while all other parts shown are circular, except that 
p>ortion of Figs. 127 and 129 marked by lines c d^ which is 
a flat surface or plane, extending across the valve at right 
angles with its length, this piece. Fig. 129, is sometimes 
made with a flat side, as is shown in the plan view. 
(This part of the stick is sometimes made square and 
sometimes round.) The largest diameter of Fig. 130 is 
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Fig. 130. 



equal to that of the hole which is to be cast throiigh the 
seat of the valve, while the distance from a to 6 marks 
the thickness of the seat in the casting. The rest of 
this piece shows the pin which is to be formed on one 
part of the core to enter a corresponding recess in the 
other part, while the flat side (or square) brings the two 
parts into line when the cores are pasted together. The 
amoimt taken off to form the flat side is found by divid- 
ing the circumference of the pin into four equal parts 
and cutting off one of them. In other words, the flat 
side in the plan view is a chord of 90 degrees of the cir- 
cimiference of the pin. This gives ample surface without 
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s this pan I 



weakening tliis important part of the core. As this pan 
can be no larger than the hole through seat of valve, it 
will be seen that, in making small valves, this becomes a 
very important consideration. 

This piece, Fig. 130, also has a pin, c, to fit the hole b, 
in Fig. 127. The shoulder at a, Fig. 130, affords another 
guide for the core-maker in assembling the cross- together, 
and it will be found that this shoulder affords a much 
better guide for the thickness of the seat than does the 
fit of the pin. 

Now, returning to pieces 127 and 128, draw a line 
around the ball at the angle shown by the line c d. The 
plane represented by this line must be at right anglps 
with the length of the valve. To draw this line, make a 
templet by fastening a thin piece of wood on a face-plate, 
and, after turning one side true, bore a hole through 
the piece of the same diameter as the ball of core-stick. 
Then lay off on the stick the points c, Fig. 127, one on 
each side at joint, measuring from the joint, which is 
also the centre, to correspond with the drawing of valve, 
and two points, d, Fig. 127, which mark the intersection 
of the angular partition with the ball. These points 
must all be taken from the drawing, and all must be 
half the thickness of angular partition from the centre 
plane of baU. 

Now, having four points in the desired line, by applying 
the piane templet so that it will touch all four, we may 
draw a line around the ball in the desired position. 

Piece 128 may now be quickly finished. All that 
remains to be done is to cut it oil to the line c d and 
round over the comers formed by the junction of the 
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plane surface, cd, with the circumference of the cell 
marked by the line a, and the angles at surface of ball. 

Piece 127 requires a little more time. There must 
be left at e a circular projection having the same centre 
as the cell a, Fig. 128. This centre is in the line EF, 
Fig. 122, but has a radius equal to that of a, minus the 
thickness of cellular partition. This difference of radius 
should be the same at correspondingly equal distances, 
measured in opposite direction from the plane surface 
e, Fig. 127. The circumference of this projection may 
be drawn upon the surface marked by line a e, and then 
worked down, using a bevel to get the correct taper, 
but because of the constantly varying depth of surface 
of the projection, which makes the use of a bevel or 
templet with a blade of fixed length anything but nice, 
a much better way is to turn a piece about three inches 
long, having its largest diameter equal to diameter of 
projection on line a and having the right taper, not 
forgetting to leave a pin on the large end to fit hold 6, 
Fig. 127. This plug, being placed on the surface a, 
with its pin in hole b, gives us at once the diameter and 
the correct angle. The projection may then be worked 
off to match, with the help of a straight-edge. 

Then taking care to make the surface cd a. plane 
surface, and leaving a fillet at the intersection of plane 
and projection, we may finish up this piece very nicely. 
Round off the corners at e and c d, the same as was 
done on piece 128. The fillet should be of the same 
radius as the round comer. 

These pieces, 127, 128, 129, and 130, should all be 
finished with at least two coats of shellac, making them. 
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if possible, a little better as regards surfaces than a 

regular pattern, and you will be repaid for your trouble 
when you come to the plaster work. 

Now we shall want a box equal in length to Fig, 127, 
plus one inch; in width, to the diameter of ball plus 
two inches, and in depth to the combined height of 
pieces 127, iz8, and 130. This box must be put tc^ether 
with screws; no bottom is needed. 

To make the first part of plaster core-box, the hub or 
yoke end, Figs. 13a and 133, we shall need a wedge- 
shaped piece that shall fill up the space between the 
continuation of line/c, Fig. 127, and cd, or as near cd 
as the rounded corner will permit. 

By laying the part seen in Fig. 127 on the plaster- 
board and trying a square around the outside at c d, 
we may find the largest points on core-stick. These 
points will mark the joint in core-box, and the rounding 
of the comer should be so done that the points shall 
come in a straight line when viewed in the position of 
Fig, 127, The wedge-shaped piece should be cut to lay 
on the board and come up to the line marked by these 
points; continuing the inclined surface, cd, %" beyond 
d, and then cutting off paraUel with/c. This piece and 
part 127, when laid together, should just fill the length 
of box. It would be weU to give the inside of box and 
inclined surface of wedge one or two coats of varnish. 

Put the part shown in Fig. 129. in place of 127, and 
coat them nicely with tallow; then the surface of board, 
the inside of box, and inclined surface of wedge are all 
to have a coating of tallow. Fasten 127 on the board 
with the wedge under cd, and put the box over them. 
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Mix and pour the plaster, filling the box to a level with 
end of print on part 129. Remove stick and plaster 
from the board and trim off any surplus of plaster at 
the end of print on 127, also at the joint /c, and draw 
out the stick. 
You will now have a block of plaster like Fig. 131. 



I 
I 



V- 





FiG, 131. 



Fig. 132. 



Give the inner surface a coat of shellac. Be careful of 
the comers, because we all know that, while fins are really 
necessary to fishes, they are neither useful nor ornamental 
on cores. 
Now go over the surface of pieces 127 and 129 again 




Fig. 133. 

with tallow, put them back into piaster block 131, and 
coat the surface which was in contact with the board 
and wedge, and which forms the joint oi eoi^-boTL, ^SjCcl 
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tallow. Lay the piaster and stick on the board with 
fed. Fig. 127, up this time. Put the box back in place 
around them, not forgetting to tallow all parts which 
plaster will touch. 

Piece seen in Fig. 128 is now to receive a coating of 
tallow, and is then fastened to 127 by a wood screw 
through core-print and a nail through each of the points, 
d; then plug hole b. 

We are now ready to cast the second part of box, see 
Figs. 135 and 136. Fill up with plaster, this time, to 




Fig. 136. 

may be separated by laying on the side and gently tap- 
ping on end of core-print. Fig. 129, This second plaster 
VfUl be like Fig. 134. 
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Once more we go through the same operations, using 
plaster 131, and sticks 137, 128, and 129. Remove the 
plug from hole b, and substitute in its place piece 130. 
This part should be placed with its flat side at right 
angles with the length of stick. 

Fill up the box to the top of piece 130, scrape off even 





Figs. 138, 139. 
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Fig. 137. 

with 130 and 128; the re- 
sulting block of plaster this 
time being like Fig. 137. 

For the fourth and last 
cast, lay piece 135 on the 
board, with sticks 130, 127, 
and I z8, leaving off 129 and 
plugging hole b. This time the plaster is like Fig. 140. 

These plasters are now to be cut off to the shapes shown 
in elevations 132, 135, 138, and 141, and corresponding 
plans, 133, 136, 139, and 142. 

For a 6" valve the plaster patterns should be about 
^/g" thick. Each part to have lugs for dowels, four in 
number and large enough for >^" dowels, the lugs being 
left about ^/g" thick and having a projection beyond 
outside of box of at least J^". As to the shape of outside 
of piaster, keep the thickness as near unifotm a.a ^5sih\!ii, 
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not forgetting the core-maker, who wiil need a place to 

put the clamp on and will want each box to stand alone, 
with the open ends up. For these purposes, Figs. 131 
and 134 have the projections at d left on, and pieces 137 
and 140 have e. These four plaster patterns are to he 







varnished and handed over 
to the tender mercies of 
the moulder. 

There remains to be 
made a pin like Fig. 130,* 
which is properly a part of 
Fig. 134, but is not cast 
on this piece because of 
the difficulty in finishing, 
and in so locating the flat side that when the two 
cores are put together they shall be straight. I make 
this pin of brass, leaving stock for finishing all over; 
plenty on all parts that can be turned and but little on 
the fiat side, that it may be finished with a file. For a 
6" valve, make this pin in two pieces, as shown by 
Figs. 143 and 144; making 143 so that it will be ^4" 
thick after finishing, and 144 with the round pin i" in 
diameter. 

* Fig. 130 is for a valve without seat ring, the enlarged collar be- 
tween a and b taking its place. This collar is wanting in the pin 
shown in Figs. 143 and 14.4., ifiis gin being for a valve tvilh seat ring. 
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Now as to finishing the castings in making up this 
box: begin with 135, filing /g down to a surface plate, 
without removing any more metal than is necessary, 
then cutting down ej until you have only the half of 
the full circle of print left. At the same time be careful 
to keep the two sides of the box the same distance from 
the top of seat at h; also clean off the top at £. Now 




FtG. 143. Fig. 144. 

fit part 141 to 135, being careful not to cut off too much 
iron at the joint of box; udng a pair of calipers to fix this 
point. 

After 141 has been fitted to 135, 138 should in turn be 
fitted to 141, using the inside calipers at end c. Fig. 141, 
and a depth gauge set to the correct distance for end a, 
Fig. 138, from the surface b, Fig. 141. Clean out the 
hole left by pin 130 in piece 138, then fit brass pin, 
pieces 143 and 144, to this hole; having first fitted 144 
down into the open end of 143. Set 1^ do^wa bIqqmX 
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^" below end of 143 and solder strongly in place. Then 
finish the two, 143 and 144, between centres, to fit 
13S. Having fitted these, first to diameter of hole in 
138, then to length, leaving end a, Fig. 143, about j-4" 
long, turn the pin on 144 to J4" diameter, cut it off a 
little short of the thickness of 135 at h. We must now 
centre 135 very carefully and drill hole to locate brass 
pin, which is to be fastened in place by a cap screw and 
washer, underneath h. 

Now fit 132 to 135, testing from time to time to find 
if the brass pin is coming central with opening m, in 
132, using the inside calipers at end e, also the depth 
gauge, set to correct distance for end m, Fig. 132, from 
surface k, Fig. 135. As the pin, 143 and 144, forms the 
hole through the seat of valve, it is evident that when it 
is central in opening m, the yoke opening and the hole 
through seat in casting must come true. 

Drill dowel pin holes in parts 131 and 141, from the 
joint side. Then fasten the halves of the two boxes 
together with solder, 131 and 135 making one box, and 
13S and 141 the other. By handling carefully, the 
solder will hold while drilling the dowel holes back 
through 135 and 138. 

The boxes may then be broken apart, and dowels of 
hard steel wire driven into parts 135 and 138, These 
dowels should be made with a slight taper in order that 
they may be adjusted from time to time to compensate 
for wear. 

The brass plug should now be removed and the four 
pieces of core-box heated until they will melt paraffine 
wax, wiu'ch should be appUed to the inside surface to 
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prevent rusting. After the parts are again cooled, scrape ' 
off all superfluous wax and fix brass plug in place, with 
its flat side at right angles with print k, Fig. 135, and 
send the boxes out for a sample core. 

This sample core should be furnished in two pieces, 
that is, without pasting together. The cores are now put 
together dry, and tried by a straight-edge to find if the 
prints, c, Fig. 135, and c, Fig. 141, come in line; if they 
are not in line, turn the brass plug in its hole in 135. If 
the plug is made round it may be fitted more readily 
and accurately to the hole in part 138; neither will there 
be the trouble of locating the flat side to fit mating 
surface of 13S, which might be a little off square, and the 
round plug will hold just as well after pasting as the one 
with the flat side. 

If you find, upon examining the sample core, that in 
fitting plug you have not made proper allowance for the 
physical development of the core-maker, and the pin 
B, Fig. 121, is too large for the hole left by the plug in 
the other part of core, you may correct this by either 
cutting off end of plug which touches surface A, Fig. 135, 
if the hole is too large; or by putting a thickness of sheet 
metal under this end if hole is too small. 

After getting a sample core that tests out all right, 
drill and dowel the plug to part 135 if it is made with a 
flat side as illustrated by Fig. 130. 




In the continuous and universal effort to reduce the 
cost of cores, the multiple core-box has always been a 
favorite device. 

The multiple box saves time by enabling the core- 
maker to ram up two, four, or as many cores as the box 
may be arranged for, at once; each necessary operation 
being performed in less time because the workman is not 
obliged to go through the whole cycle of motions for 
each separate core. 

A singJe handful of sand may be sufficient for a dozen 
cores; and it would, of course, require the same time to 
pick up one handful whether the box made one or a 
dozen cores. 

If, for example, the box makes five cores, as in the one 
illustrated by Fig. 147, the core-maker has to drop 
his rammer and pick up his strike but once instead 
of five times, as would be necessary for a box mak- 
ing but one core. When the box is made for a 
greater number of cores, the advantage is also greater. 
In fact, the saving is so apparent that it requires no 
explanation. 

I don't know when the first multiple box was r 
but it must have been very soon after the first core v 
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used. My first experience was with boxes for oil cups, 
such as are shown in Fig. 145. 

These had been made for a single core, and as the 
pattern had but one print, this print had to be long 
enough to balance the core when setting and to hold it 
securely in place when the mould was poured. It must 
also have a guide for setting, as the shoulder at A, Fig. 
145. The core-prints, so made, took up considerable 
room in the flask, a part of which, it was thought, might 





Fig. 145. 

be saved by making the cores double, as shown in Fig. 

146. The double core would balance it3ejf. on the print 
between patterns, which print need only be long enough 
to prevent crushing when setting and pouring. The ring 
at the centre locates the core. 

This core had to be raromed up in halves, then pasted 
in the box which was provided with dowels fpr this pur- 
|K)se. The dowels were placed both at one side as shown. 
Both were on the same side of box that they might not 
interfere in striking off the half cores made in the pin 
side of box. The plan did not result in cheapening the 
cores, but did increase the day's output of castings. 

A very common form of multiple box is shown in Fig. 

147, where -4, B, C, Z>, and E show recesses for straight, 
round cores. F F on the joint view are dowels, and 
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are placed as shown, rather than at opposite comers, to ' 
prevent the core-maker from mis-matching the halves 
when putting them together. This happens oftener 
L with two pin boxes than might be thought possible. 

I Unless the box happens to be drilled so that it matches 

I closely when assembled wrong, the core-maker will see 

I his error and correct it before filling the box with sand. 

»' This correction takes time, and as many cores are made 

01 
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Fig. 147. 
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on the piece-work plan, the core-maker.as well as the firm, 
suffers for the time lost. Some core-makers prefer three 
pins, two at one end and one at the other. This is, 
perhaps, better than the two-pin plan illustrated. A 
box with three pins is shown in Fig. 148- 

The space G, Fig. 147. should be as small as is con- 
sistent with strength; in most cases it need not be over 
H", and the dimension H must be made to suit the size 
of dowel used; for li" dowels it need not be over i4"- 
Then the total length should not exceed five inches, in 
order that the half-box may be easily spanned by one 
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hand in lifting off. The thickness 3 of the half-box can 
■usually be made equal to the greatest radius of core 
plus 34"- If the cores are large ("large" for this kind 
of core, would be 1" in diameter), some of the metal 
at the back should be cut away in the master, to reduce 
the weight of the finished box. 

For making up such boxes as are illustrated in Fig. 
147, a stock of castings — gray iron, of course, is under- 
stood — of such dimensions as had by experience been 
found desirable were kept on hand. When such a box 
was to be made, a pair of these castings were prepared 
by planing to the required width (the length of desired 
core) and thickness. Dowels were then put in and the 
box, having been laid off by locating the centres of cores 
on each end, was drilled between centres, from each end 
to the middle of length of core. A small drill was first 
used, followed up with larger sizes until the holes were of 
the required size. The last drill, or perhaps the special 
reamer, which may be necessary for a core of some 
imusual size, should have but httle stock to take out 

When the cores are as shown in Fig. 148, or of an 
irregular shape, which could not be readily &nished or 




*■ produced by the method above noted, the boxes were 

usually cast from a plaster master-box. This master 

[ requires some very nice work on the patternmaker's 
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part, both in making the core-sticks, as they are called, 
and again in placing them for pouring the plaster, it 
being understood that only a half-box is made of plaster, 

A good point to remember when placing the sticks, 
which are in halves, is this; As it is quite likely that 
some, if not all, of the sticks needed — ^three will be needed 
for the box shown in Figs. 147 and 148 — will, when 
finished, be found to have one half greater than the other, 
number the halves in pairs as they are turned; then if 
the box is to have an odd number of cores, select the 
most accurate stick of the lot for the centre core, and after 
discarding its mate, place the others as indicated by the 
numbers in Fig. 148. 

A moment's reflection will show that the half-boxes 
cast from this master must, in finishing, be assembled 
so that the A end of one will meet the B end of its mating 
half. In so doing it will be seen, by referring to the 
numerals in Fig. 148, that cavity No. i reverses on 
itself; for this reason the best half-stick was chosen for 
this position, because any error in thickness of stick 
would be doubled in the assembled box. Cavity No. 2 
matches No. 2', and 3 matches 3', thus making the 
core round by bringing together the cavities made from 
the halves of one round stick. To such as are imaware 
of the skill possessed by some moulders, the accuracy 
with which such castings are produced seems marvelous. 

The cores for Fig. 145 might be made from such a box 
as is shown in Fig. 148, as one end would be open to view 
in fitting up and for the reception of sand in making 
cores. From this box, a saving in the cost of making 
cores would undoubtedly result, but there could be no 
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reduction in ^ze and length of the print, and therefore 
no incxease in the output of castings. 

This much-to-be-desired result may be reached by a 
combination of the principles illustrated by Figs. 146 
and 147 ; the resulting box, shown in Fig. 149, being what 
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Fig. 149. 

is specifically known as a multiple box or shell. How 
such boxes are nia,de I will now endeavor to show. 

It is quite evident that the box shown in Fig. 149 
cannot be machined on its inner surface; we shall there- 
fore be dependent upon the foundry for the production 
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of accurate castings. As the moulder cannot be expected 
to produce a casting which is any better, or more accurate, 
than the pattern used, he should be furnished with the 
best possible pattern for such work. These patterns 
will be expensive, but the results will warrant the expense. 
On inspection of Fig. 149, it will be found that one box 
full of cores will make thirty-two castings, there being 
sixteen cores, each of which will make two castings. 
As the castings must be similar, the box must make not 
only the sixteen cores all aUke, but the two ends of each 
of these double cores must also be exactly alike. The 
box is, then, made up of thirty-two 
units, all alike. 

This unit. Fig. 150, is made up 
very carefully in plaster, from 
which the brass foundry is called 
upon to make two castings. If 
the plaster could be depended 
upon to make the whole niunber of units required, it 
could be made hke Fig. 151 ; but as it is only 'A" thick 
for this Job, it could hardly be expected to last for even 
the sixteen castings which would then be needed. 

After receiving the two castings like Fig. 150, they are 
jointed together, secured by solder, and through the open 
end, A, accurately finished in the lathe; care being taken 
to locate the Joint between the two halves, exactly in 
the centre of the lathe. The open end is then carefully 
squared off and the piece removed from the lathe. File 
a notch across the Joint as at D, Fig. 150, for reference 
in matching up. The halves are then separated and the 
solder cleaned from surface. 




MULTIPLE CORE-BOXES. agi 

i, short piece of stock is now turned to fit the straight 
part of box at j4 A, Fig. 151. After turning to the correct 
diameter, one half should be cut away. Do this care- 
fully in order that the piece left may fill but not project 
above the surface of half box. 

The two units like Fig. 150 are then assembled on a 
surface plate in the position shown in Fig. 15T, the arbor 
being used to keep them in line. After getting them 
into position and clamping 

them to the surface plate, , ^. 1_ 

which, by the way, had best 

be kept hot, — how hot? 

Hot enough to color the 

brass pieces — solder the two 

tc^ether, sweating the solder thoroughly into the joint 

at G, which will be found easy to do at the temperature 

noted above. 

Wipe off all the surplus solder and cool the job before 
removing from the plate. The heating of the plate and 
the work before the final adjustment is to prevent the 
work from crawling under the soldering iron, which some- 
times occurs when a hot copper is applied to work much 
below the temperature of the copper. If you are equipped 
with blast burners, the whole outlit may be brought up 
to a temperature which will melt the solder and make the 
use of a copper unnecessary except for the patching up. 

The completed piece, now like Fig. 151, is then sent 
to the foundry for enough castings to make a box like 
Fig. 149; in this case, sixteen. As the accuracy of the 
finished job depends in a great measure upon these 
castings, they should be made with great cate. 



r 



that the 



392 PATTERNMAKING. 

One good thin g for the moulder to observe is that t 
parting should be on a line even with the bottom of 
plate which forms the surface of completed box, as at 
B, Fig. 150, and not at C. By so doing, the surface C 
and the interior of core-box are in the same half of mould 
and will not be affected by the closing and weighing of 
the flask. Use a flask with well-fitted pins, and lift the 
pattern with the cope if making C side down. If moulded 
the other side up, the cope should be hfted without the 
pattern. The idea is to get the inside and surface C 
without any rapping or other fault in drawing. 

The most common fault with castings, such as are 
required in making core-boxes, is what is known as 
"ramming away the comers," causing the casting to 
appear like Fig. 152, where the rib or fin, which is greatly 
exaggerated at A A, is the fault 
produced. This is a serious defect, 
as it destroys the outline of core 
at the joint of box, so necessary m 
matching the halves. It can usu- 
ally be prevented by giving the 
moulder a little more time for the work. Accurate cast- 
ings would be cheap at a dollar a pound, and there are 
plenty of moulders who can produce them. If the cast- 
ings are well made, their extra cost will be saved in the 
fitting up, and the final quality and quantity of the 
work — the cores — as produced by the finished boxes, 
will be increased. 

The castings, like Fig. 151, are to be fitted up in pairs, 
matching them together by the reference notches D D, 
keeping the notches in each pair, all on the same side of 



MULTIPLE CORE-BOXES. 



293 



box. This may be done by turning the halves endwise 
and not sidewise. Dowel each pair together with two 
small pins, as at B B. Number them in pairs, then, taking 
one-half of each pair, the halves without pins, fit them 
together as in Fig. 153. These are to be soldered to- 
gether, but before doing this each piece with pins should 
be cut to match the outline of its mate. 

The halves first fitted may then be soldered together, 
making one piece of them all like Fig. 153. The pin 
halves are then assembled on 
the top of those already fast- 
ened together, each indi- 
vidiial half or piece being 
brought to place by its 
dowels. Some of the pieces 
wiD undoubtedly need a 
little further fitting, so that 
all may fit nicely in the 
dowel holes of their mates, 
without any interference. 

Don't try to solder the 
whole lot at once; add one 
piece at a time, trying it on 
and off to test the fit of its 
dowels, because you must 
depend greatly upon them 
for the detection of errors 
in assembly. If the whole lot are soldered at once aad 
it is then found that the dowels bind, it will be difficult 
to locate and correct the error. But if the units are 
added one at a time, making sure of eacii ooa %s> vs. Sa. 




Fig. 153. 
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fastened in place, any error found may be readily located, 
as it is sure to be in the last piece joined, and can be 
corrected by re-locating this last piece. 

Having them soldered together in two pieces like Fig. 
153, the corners opposite the straight side A B can be 
filed away,leaving one atC for reference in hnal matching 
up of core-boxes, and also leaving the outside corners at 
DD intact; then the dowels may be knocked out of 
all but the two outside members. The straight sides, 
A B, are then fitted and soldered together. 

It isn't necessary that this last joint shall be so made 
that the cores in the original halves, Fig. 151, should 
stand exactly in line in the completed pattern, as the 
final castings from this master, if mated by the reference 
piece C in Fig. 153, and doweUed so that any one pair 
of openings match, will necessarily match at all points. 
The method of building up, always in pairs, carefully 
matched, makes this result inevitable. 

Place the joined halves face down on surface plate, 
and fit ribs as at A A — ribs are indicated by broken 
lines — and B B, Fig. 149. These ribs are for strength- 
ening the box, and also provide a good surface for the 
box to rest on when in use. Then the ears for pins, D, 
E, F, and G, are fitted and soldered. These ears are 
placed about Vi" below joint surface of box, as shown 
in end view of Fig. 149, making it unnecessary for the 
core-maker to clean off all of the sand which may lodge 
on the ear around the pins; thus saving considerable 
time which may be employed to much better advantage. 

Having the parts all assembled, if the castings from 
this master are to be made by a bench moulder, the 
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back of pattern must be finished nicely. Run solder 
fillets, like HH, Figs. 149 and 153, in all the comers 
on back of master, and make the ribs A A and B B, and 
the ears Z), £, F, and G, with plenty of draft all aroimd. 

It will be noticed that the lugs for dowels, Z>, JS, F, 
and G, Fig. 149, are not all of the same shape. They 
are made as shown to help the core-maker in lifting off 
the pin side, which lifting must be done very nicely. 
Fig. 154 shows how the ears match when 
boxes are fitted up. Each half box cast 
from the pattern, as shown in Fig. 149, 
must have two ears like F, Fig. 154, and 
two like D. The finished boxes have three p^^ 
dowels, and in the pin haK two of these 
are in the ears E and F, Fig. 149. The boxes are 
mated by reference pieces, CCy and it is then plain 
that lug F must mate with G, and lug E with D, as is 
shown in Fig. 154. Lugs E and F project over the sides 
of lugs D and G, but fall short of their ends. 

The box being ready to lift off, the lugs E and F of 
the pin side, which is now the top half, are grasped 
between the thiunb and forefinger of each hand, while 
the tips of the middle fingers are pressed on the project- 
ing ends of D and G in the other, or bottom half; thus 
giving the core-maker complete control over the operation 
of Kfting off. 

In the good old times before planing mills were thought 
of and the farmer who needed a new barn got his lumber 
"direct from manufacturer to consumer," nearly all 
farmers and farm-owners had some timber or woodland. 
If about to put up a new building, the {atmet, brai?^ ^ 



1 



PATTERNMAKING. 



man of sound judgment, would get an experienced person 
to go into his "woods" and select the trees to be cut 
down for the frame and covering. The same good 
judgment exercised all through the job brought about 
the desired result— a good, serviceable building. 

Moral: After spending good money for the master 
box, don't "let up" until the castings from this box are 
made. 

The multiple box, as so known to-day, is used not only 
to shape the core, but also as a drier; the half boxes, 
containing the completed cores, being placed in the oven 
to hold the cores in shape while drying, or baking. 
This makes it necessary to have a good many of the 
half boxes; the ntnnber depending on the shape an^ 
size of the cores, which size will regulate the time re- 
quired for baking, and how many, or how fast the cores 
are needed. 

It is plain that all cores made in such boxes must be 
rammed up in halves. They could be so made from 
ordinary core-sand mixtures and the halves united with 
paste; but it has been found from experience that good 
sharp sand, mixed with linseed oil in proper proportions, 
makes a mixture which will of itself cement the halves 
together and also produce a core that stands a lot of 
handling. The objection that oil-sand cores cannot be 
handled green is overcome by the use of the shapes or 
shells for baking. 

If the foundry does its part by furnishing acciu^te 
castings, the resulting set of boxes — may be spoiled m 
the fitting up? Oh, yes ; but that is not likely to happen- 
Tile fimi will, on tbc ton.t'cacy, be so well pleased with 
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the results that we, the patternmakers, and you, the 
moulders, will at once get orders to make other sets of 
these labor savers. 

iThe number to be made up for a set must be left for 
the user to decide upon; and the method of making the 
castings will depend upon the practice of the foimdry. 
If it should be thought advisable to fit up the masters 
for moulding machines, some form of roll-over machine 
will be necessary for this job, as one could hardly expect 
to successfully cope out the sand from face side. 

As these castings should be poured face down — the 
face should be as taice as possible, while the back need 
only be passable — two men may be worked to advantage 
in the following scheme: 

A standard or limit for the outside dimensions of these 
boxes may be fixed at seven inches wide by ten inches 
long, exclusive of the ears for dowels. This size is not 
arbitrary and may be varied to suit conditions. But, 
as will be seen by what follows, it is necessary to fix 
some limits to the dimensions, and the size given is as 
large as has been foimd practicable. The depth, fixed 
by the same rule, was that necessary for a roimd core 
about 2j[^" diameter. As the different boxes made 
might have to be poured, some from the seven-inch and 
others from the ten-inch side, provision was made for 
this in laying out the rig, by allowing room enough for 
a pattern ten inches square, plus the ears. 

The necessary fixtures for this rig are illustrated, 
though no provision is seen for attaching the plates, Fig. 
155 and 156, to the moulding machine. This, of course, 
must be arranged to suit the style d maduxift \.o\k^\\sfc^. 
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The cuts show only what is necessary for holding the 
patterns and locating the flask, which may be a snap flask. 
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SECTION ON LINE OD 



Two pairs of plates like Figs. 155 and 156 were fitted 

up, one set for the foundry and the other for the pattern 
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shop to use in fitting up new patterns. They were not 
strictly pairs, because 'Cos. pattern-shop set was to be 
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iised as jigs and the foundry set upon the moulding 
machine. The points of difference are noted in the text 
and in the engravings. 

When made on the machine, the master shown in Fig. 
149 was finished on the face side only, as the back, to 
fce made in the core, was a separate pattern, produced 
in this way: The pattern, having reached the point 
"where the ears for dowel pins are to be fitted on, is 
feecured on a wooden follow, or bottom board, Fig. 157. 
sXhe surface of this board is recessed }4" deep; the 
jtecess being large enough to take any pattern to be 
■made; that is, 10" square. All patterns have the 
gating side set to the line C D. This line is also one 
side of the recess, and locates the body of the pattern in 
position. 

After the pattern is fixed in place, the balance of the 
J recess, as utA and B, Fig. 157, is filled up level with the 

i 




Fig. 157. 



surface of board. The cope for this mould being per- 

'fectly flat, the resulting casting is >s" thinner than the 

■master. The ears, made of wood, are secured in place 

the board, being sure so to locate them. Aa.'L \.\«. feisJ. 
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castings will match up as was shown in Fig. 154. The 
fillets on the back are now put in of wax, not solder, as 
in description of Fig. 149, and the pattern and board 
sent to the foundry for a white metal casting. 

The gate on this board, Fig. 157, may be fast, as it is 
desirable to gate all of the white metal backs at the 
extremity of the dowel-pin lugs, as shown. The gate, 
being fixed, also fixes the length of the ears. 

Inspection of the white metal back, having proved 
it O.K., the master is removed from the bottom board 
and prepared for the moulding machine by fixing it in a 
cast-iron box, such as is shown in Fig. 158. A stock oi 



Fk 







1\ K 
BO 


© i 
-© 1 







H 



Fig. 15S. 



these boxes is kept on hand, machined to fit plate i55' 
The screw holes, H", are drilled to the jig, pattern-shop 
plate 155, Two holes only are necessary. They should 
be drilled as shown, and not central with side of box. 
This will prevent any error in setting the pattern in 
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iate for foundry. The opening in box 158 is ten inches 



The master is secured in this box, first by screws 
he bosses, A, B, and C, on the inner surface 
lof box at the bottom. These bosses are raised slightly 
(above the surrounding surface, that they may be faced 
[by a counterbore, steadied in screw hole. The screw 
ftiple is then countersunk on the outside of box for a 
onachine screw. One-quarter inch is a good size. 
[ Screws passing through these holes secure the pattern 
Bn place by entering studs, or posts, soldered to the 
pack of master, and fitted to a length which will bring 
the pattern yi" above open, or top side of box. This 
(Compensates for the amount cut off by recessing the 
hioard 157. A line should be scribed around pattern 
kven with top of box for the parting and draft filed to this 
RiEe. 

' In locating the master in the box, the edge to be gated 
is placed directly against the inside of box, as in Fig. 
I 159, where the parts are assembled for the foundry's 
Itise. If it has a tendency to spring away from the box, 
[ a screw through the side of box, beneath the top flange, 
iFig. 158 at D, and tapped into a lug soldered to pattern, 
will correct this. 

Strips of wood are then clamped to surface of box to 

\ cover the openings left on the other three sides,- not 

Iforgetring the register marks, B B, Fig. 159, and the 

, which is then turned bottom side up, is filled with 

uid plaster, through the holes, £, F, and G, made for 

s purpose. The plaster sets quickly and secures the 

KLttem firmly in place. It is evident that the box. 
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Fig. 158, with the master fixed in place by screws and 
plaster, may be stored in safe, and used whenever 
wanted; making but one plate like Fig. 155, necessary 
for any number of masters. 

The position of nowel side being now fixed, the cope 
half) for which the white metal casting is used, is placed 




Fig. 159. 

on the plate, Fig. 156, in a position to match the nowel. 
A line across the two plates, 155 and 156, as at A B, 
with a centre line at right angles to line A B on each 
plate, line E E, will be required. These hues are needed 
only on the set of plates used in the pattern shop, and 
are located from the flask pins. 

The plate, Fig. 156, having been prepared with lines, 
holes for dowels, C C C, are drilled. These holes are 
all to come within a seven-inch square, located with one 
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of its sides upon the line A B, and central with the width I 

of plate. I 

This location is necessary to insure that the dowels I 

may always come within the outhnes of white metal I 

pattern. If it is necessary at times to make some I 

masters which are much smaller than the standard size I 

7" by 10", additional holes may be drilled in the plates. I 

For obvious reasons it is better to make one set of pin- I 

holes do for aU patterns, and it will usually be found ' J 

entirely possible to do so. I 

It is plain, from the location of master box in the flask, I 

it being at one end of the oblong flask, that the cope 1 

must always be turned about the line E F, in closing | 

mould. Thus, if the mating edges of master and back I 

are placed on line A B, they may be centred by the line J 

E F, and the perfect matching of cope and nowel made I 
certain. 

The white metal back may now be clamped in place 
on plate 156, and the dowel holes drilled. If these holes 
are found to come through some thin part of the pattern, 

a boss of solder may be built around the pin; which ■ 

should be fast in the pattern and not in the plate. This I 

second plate, 156, is a plain, flat plate, which may be I 

fitted and used upon a machine of the ordinary coping ] 

variety, there being no difficulty in making this side. I 

If it is not convenient to use a second machine, this cope I 

side may be made on the bench, using plate 156 as a I 

match board. Either plan will keep two men busy I 

making moulds. I 

The gate is put on the nowel side, and by making it I 

of the shape shown in Fig. 159, it may be fastened to I 
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the plate; the one gate being used for all patterns. The 

runner is made up for each master by pieces of sheet 
metal, pinned to the fiat edge of box 158, as at ^^, 
Fig. 159. This edge, %" wide, separates the gate from 
the pattern; the runners, A A, being located where 
they will best run the casting, and completing the gate 
by bridging the y^" gap. The boss for the riser is located 
on plate 156 to match the gate in nowel, as at G; and 
may also be fixed. If it is thought advisable to gate 
castings in the way shown by Fig. 157, the gate on nowel 
plate, Fig. 159, and pieces A A, may be left off, and the 
necessary gate substituted for the boss G, on cope plate, 
156; the pattern being turned with the ears towards 
side F. For each master so gated, there will then be 
needed one box like 15S, one white metal back for cope 
pattern, and possibly the gate like Fig. 157. All other 
parts of the rig being used for each and every pattern, 
this outfit will be found inexpensive, and also efficient. 
The castings made from these masters, whether by 
machine or bench work, should be rigidly inspected and 
all imperfect ones scrapped. Warped or sprung castii^ 
should be considered as imperfect. While the crooked 
casdng may have a good surface and may be straight- 
ened by peening, or by heating and clamping down on 
a flat plate, the straightening process, whatever it may 
be, will, in nine cases out of ten, result in the stretching 
of the concave surface. The crooked casting having 
been stretched in truing up, is bigger than it should be, 
and therefore won't match those which required no 
straightening. Neither should the crooked castings be 
straightened by grinding or filing away the high places. 
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This would make the depth inside less, and the cores 
made in the shallow cavities would be flat. Such cores 
would not fill the prints, and the castings produced 
from them would be imperfect. 

The finished set of boxes are interchangeable, there 
being but one furnished with dowels; all of the others 
fitting this one pin side. In use, two half boxes, one of 
them being the pin side, are filled with the oil-sand 
mixture, struck off and the two closed together. Then 
as they lie on the bench, pin side up, they are rapped 
and the pin side lifted off, leaving the completed cores 
in the lower side, which then becomes a drier and is 
placed in the oven with the cores. By continued use, 
the boxes, especially those halves used as driers, become 
coated with the oil sand, and must then be cleaned. A 
common way of doing this is by washing the boxes in hot 
potash water. 

The pins in these boxes should be fitted very nicely 
and stand up square with the top surface. This can only 
be accompKshed by using great care in the driUing, for 
which it is customary to use one of the castings as a jig. 

The ears on the castings being M" below the general 
surface, there will be a quarter-inch gap between jig 
and casting at the point where the hole is to be drilled, 
a bad feature, as any one experienced in drilling will 
know. A much better way is to provide a plate, on 
which suitable pieces for locating the boxes are fastened. 
This plate can be provided with hardened bushings and 
used for the drier sides. The steel bushings may be 
removable and used again for other jigs. The bushings 
project above the surface about one-eightli oi ^.xv.\xvsi3L» 
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This jig might be so laid out that it could be 
both drier and pin sides. This would add greatly 
cost and is unnecessary, as one of the driers may be used 
as a jig for the few pin sides needed. The one selected 
having been drilled in the jig, may have pieces fastened 
on the ears to fill up the quarter-inch gap. 

It is usual to select the very best of the castings for 
the pin side, as this side is used, in turn, with all of the 
driers. The pin side will wear out much faster than the 
driers; it is well, therefore, to have some extra ones 
made up against their need. 




PART FIFTH. 



COST, CARE, AND INVENTORY. 



CHAPTER I. 

CX)ST OF PATTERNS. 

Probably any patternmaker who is familiar with the 
patterns made twenty-five years ago, or even fifteen, and 
also with the same kind of patterns as made to-day, has 
noted the difference in design and also in construction of 
the work. This difference, where the cost of work is con- 
sidered, is in favor of the patterns made now. This, of 
course, is the result of greater experience in the need for 
and use of patterns to accomplish the desired end. See, 
for instance, the variety of belt pulleys which may be made 
from a single ring and spider, with three or four sizes and 
lengths of hubs. It used, to be the custom to make a com- 
plete pattern for each size and width of face. Now we 
make a single iron ring with two or three spiders of different 
weights, and then a lot of hubs of different lengths and 
diameter to match the width of face and size of shaft. 
These hubs and spiders are so made that any hub will fit 
any spider — ^not only the different spiders to be used with 
this one ring — ^for, of course, all pulleys made of this ring 
will be of one diameter — but the hubs may be used with 
any sized ring, as all the spiders are finished with the same 
ized hole at the centre, into which the hub fits. Thus you 
see, by having only a few complete patterns, a large variety 
of pulleys may be made, and made very cheaply. 
Z9 309 
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Another imponant branch erf pattern work has, in some 
shops, been reduced to almost nothing. This has been ac- 
complished by the use oi the gear-moulding machine. The 
pattenunaker t&ed to make the wheel complete in all par- 
ticulars, cscept, periiaps, in some rare instances, where 
diffexent widtbsofface were made from one pattern. Now 
the paitonmaker ctits from one to three teeth; the best 
practice us«s but a single space, with a part of a tooth on 
each side; then the machine does the rest, and does it far 
more accuiatdr than the average patternmaker could. 
This, you see, makes another great sa^'ing in pattern work. 

Loam work has done away with a good deal of pattern- 
work, substitutuig a few sweeps that are cheaply and 
quickly made for the costly pattern. All these tend to 
reduce the cost of pattern work, which is money saved in 
most cases. 

There are some manufacturers by whom the cost of aU 
pattern work is said to be an expense that brings no return- 
is all outgo and no income; in short, it is a "necessary 
evil." This class of men get along with just the cheapest 
(considering only the 6r5t cost) patterns they can make, 
Their castings generally have square comers and no fillets, 
but they are saving money on patterns to perhaps spend it 
in the foundr)'. Now, while it is good policy to make pat- 
terns cost as little as possible, don't run to extremes. You 
can well afford to spend more money on a pattern from 
which a hundred or a thousand castings are to be made 
than one from which you want but a single casting. If by 
letting the patternmaker spend two or three hours round- 
ing corners and putting in fillets you can save five minutes 
in moulding a single one, isn't that money saved by the time 
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a hundred are made? And on a thousand, a day's extra 
work would become a good investment. If you try to 
make a cheap pattern do for such a job as this, the chances 
are that it will become a very costly pattern before a thou- 
sand or even a hundred castings are got out. 

If you want a pattern for some repairing or experiment- 
ing about the shop, and only intend, perhaps, to make one 
casting, you would not be willing to spend much time on 
it. I wouldn't either, but I should want the casting to 
look well, and, if it were a part of some machine, I should 
like it to compare in style and finish with the rest of the 
machine, and would be tempted to spend a little more tune 
in shaping the pattern and then make it up in waxing and 
varnishing. Perhaps you wouldn't need to varnish at all, 
or at most one coat of varnish ought to do for a single cast- 
ing, and then the new casting wouldn't look quite so much 
like a makeshift job. There are a great many repair jobs 
done "for ourselves, you know," which arc prominent ex- 
amples of one kind of economy; and, where the machine- 
work is done under the same system, the conomy of the job 
is apt to be lessened by the frequent tmkerings made neces- 
sary to keep the thing running. 

Pride sometimes has a great deal to do with the cost of 
pattern work. Let a new man go into a shop where they 
think they do things a little bit nicer than any other shop, 
and he will think that unless he follows their style, or what 
he thinks is their style (he is just as likely as not to set his 
standard of excellency too high), they will think that he 
isn't much of a patternmaker. And so he will do just the 
nicest job that he can, and then he will perhaps be set down 
as a slow hand, or one that is too fussy about his work. 
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In many cases the foreman is to blame for this. It should 
be his business to so instruct a new man that he will imder- 
stand just how good a pattern is wante(^; but he doesn't 
always do this, although he generally does the best he can 
in his own way, and it is unfortunate for a new man that 
the way is not better. He is apt to put too much emphasis 
on the fact that we " allow J" shrinkage, and want Just ^'' 
where the casting is to finish." Now, having impressed 
the man with the superior exactness of "our work," let him 
select the lumber for the man, condemning anything he 
may have already cut himself, and then watch him to 
see that he doesn't get a chance to use any of his own ideas, 
for, of course, the foreman's ideas are always the best, and 
in half a day the new man will be thinking what a fool he 
was to come to work in this shop, and, if he is at aU nervous, 
he won't know whether he is afoot or horseback, and will 
consequently consume more time on the job than neces- 
sary. Then, toward the end, let the foreman tell him that 
he is anxious to get that cast to-day, and the new man will 
actually be ashamed of the pattern and of having been so 
long about it. If you wish to find out just what a man can 
do, give him a job with whatever instructions are necessary. 
Tell him that it is a job from which but one or two castings 
are to be made, then let him do the rest, and my word for 
it the job will give better satisfaction, both in time and 
finish. 

I don't believe in making costly patterns for a job that 
will require only a few castings, and it is a mistake, many 
times, to make expensive patterns for what is called stand- 
ard work, for this reason: Suppose you are manufacturing 
some special line of machinery, of course you will strive to 
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r machine at the head, and to do this you must 
adopt all improvements, and by experiments try to better 
anything yet made. Thus, you see, your expensive pat- 
terns would soon be ruined by the alterations found neces- 
sary, when if you had made a cheap pattern to start with 
you could have remade it once or twice all through and 
still have kept the cost within reasonable limits. This 
constant alteration of patterns causes them to wear out 
much faster than the moulder would or should use them 
up. 

By a cheap pattern I don't mean one that looks as if it 
had been hewed out with a broadaxe and then rubbed 
down by the moulder, but exercise a little common sense 
and make a pattern that can be moulded easily and nicely; 
don't leave so much for the moulder to do that the casting 
will become expensive by reason of the foundry work. A 
man who knows just what he wants to do and just how he 
is going to do it— two things, by the way, that are absolutely 
necessary to make a really cheap pattern — will cut his stuff 
just right the first time, and he would make every move 
count, provided he was allowed to carry out the original 
ideas. This, you see, would ensure a good, workmanlike 
job from the very start, and this would make a cheap pat- 
tern because there would be no time wasted. 

In a great many cases patterns are good enough without 
fillets or without making-up nail-holes, and for a quick 
job it is usually best to do away with all cants and stave- 
work and put your pattern up solid. There are some few 
cases where cants or stave-work are necessary or where 
they will save time in the end. 

When your pattern is all together, see if the moulder can 
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work it without varnishing. In short, make every move 
count, and don't do anything that isn't absolutely neces- 
sary. 

Even on regular work there is often a great deal of time 
wasted, although each one can best be his own judge in 
regard to this, for what one would consider essential an- 
other would condemn as foolish and unnecessary. It 
would, therefore, be impossible to say just how any one 
pattern should be made, and leave no room for improve- 
ment, so that it would be sure to please every man who 
had anything to do with it. Therefore it is likely that we 
shall just go on pleasing, or trying to please, the particular 
firm we may be working for, and when we go to another 
shop we can leave all of the foolish notions behind — and 
perhaps have to adopt some still more foolish. 
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There are many good systems of marking patterns in 
operation, and it would be impracticable to devise any one 
systeta that would be best for all kinds of patterns. 1 will, 
therefore, confine myself to the description of a single sys- 
tem which has been found to work well for the class of j 
goods for which it was inaugurated — goods for steam, 
water, and gas-fittings, with an occasional set of patterns 
for some special machine, to be used in the manufacture 
of the same. 

This scheme was based on the vowel index, as commonly 
used, employing the five vowels, A, E, I, O, U. As soon 
as this point was reached, it was seen that the letters I 
and O would be confounded with figures one and nought, 
and as it was proposed to first fix the letter by scanning the 
name of the article to be named, using the first vowel after 
the first letter, and then to prefix a number for the kind 
or class of the article, it was decided to substitute K for I 
and T for O, thus making our five vowels A, E, K, T, U. 
And now for a practical example. 

In practice, perhaps the first article made would be a, 
9cP elbow. Here it will be seen that the first vowel after , 
the first letter is O, but for O we have substituted T, thus 
the letter for 90° elbows is T, and as go° elbows give us the 
315 
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first kind of patterns under the vowel O, we will prefix the 
figure 1, thus making the complete signature for this kind 
of pattern iT. Then affix to this signature a serial number 
which shows at once how many patterns of this kind have 
been made, and gives to each pattern an arbitrary mark. 

Very likely the next pattern required will be a 45° elbow. 
This would also come under T ; and as this is the second 
kind of pattern coming under T, the signature will be 2T. 

The third pattern to be made is perhaps a tee. This 
will come under E, and, being the first E, the signature 
will be lE. 

And now, having started to manufacture fittings, we 
find that a lapping-machine is necessary; and one having 
been designed, the patterns will require some mark. Fol- 
lowing the rule of using the first vowel, A in this case, pre- 
fixed by 1, the signature is lA; and the details, for which 
castings may be required, may be marked in rotation, 
according to their importance, lAi, 1A2, 1A3, and so on 
through the complete list. If it was found necessary to 
make two sizes or kinds of tapping-machines, the second 
kind would be marked 2A1, sAa, aA3, and so on to the 
end of the chapter. If, in designing the second machine, 
it was found that some part of the first one could be used, 
enter on detail dravring the pattern mark, preceded by the 
word "Use," thus; Use 1A26; this would show the pattern- 
maker at once that the pattern for this piece was already 
made. 

And now having the drawings ready for the pattern shop, 
let us follow some one piece through the patternmaker's 
hands to its final resting-place in the safe. 

The foreman of pattern shop will make out (through 
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INSTRUCTIONS TO PATTERNMAKERS. 

Note (arejuliy the material to be used in canslruc- 
lion of patterns and c ore -boxes ; and the number of 
pieces required. 

Under heading. "Weigkl of Casting," note metal 
of which casting is to be made. 

Woodm patterns and core-boxes for castings of brass 
shouid be finished with Hghl-colored varnish, all other 
uvoden paUems with black varnish, iron patterns to 
be finished tvilh bayberry tallow, iron core-boxes with 
paraffine u-ax. 

Wooden patterns sliould be finished all over with 
the same color uniess otlierwise ordered. 

Tally each day's time separately. Dale when 
finished and sign your name. 

Charge amoutil oj material in proper space under 
heading " Material. " 

This ticket should be prompUy returned to foreman, 
that there may be no delay in making up costs. 
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his clerk) a cost-sheet for each item or pattern, on form 
This is turned over to the patternmaker, with the 
drawing, and shows him wlml is to be made, how many 
patterns and core-boxes are required, and the maleriai of 
which they are to be made. There is room for one or 
more men to tally each day's time and lumber, and also a 
place to sign his or their name or names and enter date of 
completion, before turning in hb sheet. The instructions 
on back of Form "A" reverse, will show him how to finish 
his job and how to. charge the material. 
The pattern, having been made, is then sent to the safe, 
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the cost-sheet to the man who will weigh the casting and 
enter the weight on the cost-sheet, returning same to the 
pattern shop foreman, who usually has charge of the 
pattern storage; the drawing is returned to the drawing- 
room to be traced and printed, the Bp being sent to the 
machine-shop, the foreman of which will order the neces- 
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sary castings. With the pattern is sent a location card, 
Form "B," which is filled out by the safe-keeper to show 
the location of patterns. 

And now for the record, which was typewritten on cards 
and contained, in addition to the record proper, an index 
which recorded the signatures and talEed the serial number 
affixed to the signature. " 
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Referring first to this index, drawer, or file "A," tabbed 
and numbered card, "i" (see Form "C"), one of which 
is made out for each signature, and which are cut " twelfths" 
in the card-maker's language, the ten tabs from the right- 
hand side only are used, thus leaving a space at the left, 
which was originally intended to be occupied by a blue 
euide card (cut sixths), bearing the vowel. 

The third tab from left hand, which is the first one used, 
was marked i, n, 3i, and so on; the other nine tabs, 
counting toward the right, being marked according to their 
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position, 2, 3, 4, and up to o. The cards were filed in rota- 
tion, as used. This tab number shows the figure prefixed 
to the vowel in the signature, and as they are not filed until 
used, a glance at any file shows at once what the prefix 
should be for next kind of pattern coming imder that 
vowel. 

These tabbed cards were t)rpewritten with the name or 
class of patterns, bearing the signature indicated by the 
file vowel and the tab number, and immediately behind 
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the tabbed card was filed a tally card. Form "D," bearing 
the signature as per tabbed card C, and on which was 
recorded, or "tallied," the serial affix to signature as fast 
as used, thus showing at once the affix required for next 
pattern. 

The record cards, printed as per Form "E," were made 
in three colors: salmon for gray iron castings, gray for 
malleable-iron, and white for brass or bronze, thus making 
it unnecessary to print this information on each card, and 
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aiso enabling the user to pick out by the colors all patterns 
for any given material. 

The record card shows, first, the name of the piece and 
number of drawing, then, under heading "Pat and Box," 
the number of patterns and the material of which they are 
made, " iW " signifying one pattern made of wood. Then 
the signature and affixed serial number, " 1A23." This 
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mark will always identify this individual pattern and iB 
core-box, no other pattern having the same afhx after the 
same signature. Thus, in speaking of pattern "1A23," 
you refer to this particular pattern and no other. 

In the space under "1W-1A23" is found a description 
of the core-box, "JW" meaning that there is only a half- 
box, which was all that it was thought necessary to furnish 
for this job, and that it was made of wood. To the righl 
of description of pattern and core-box is written their 
location, "A56E," meaning that the pattern has been 
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placed or "located" in safe A, section 56, and on shelf E. 
The core-bos is located, as shown, in the same safe and 
section, but on shelf F. This information was obtained 
from location card B, 

The next line on record card E shows when the pattern 
was completed, and is simply a date. Then comes the 
cost, which is, in fact, only a portion of the entire cost, 
and includes only the labor and material shown on cost- 
sheet A, it being the practice of C. & B. Co. to obtain 
quotations from the pattern shop which included only the 
labor and materials, the cost department making all neces- 
sary additions for fixed expenses." 

There is still another space for the weight of one or 
more castings from this pattern, the total weight being 
entered on upper line, and the number of pieces weighed 
on the lower line. 

There are two other headings on record card, one for 
"Remarks," which requires no explanation, and the other 
"Property of," opposite which was entered the name of the 
firm which ordered and paid for the pattern. 

In filing these record cards, several forms of guide cards, 
cut "thirds," were used. A blue, left-hand cut, Form 
"F," for the kind of goods, then a buff, left-hand cut, 
Form " G," for classes. 

These were supplemented by "centre cut" buff cards 
for parts and "right-hand cut" buff cards for kinds of 
parts. In some cases these guide cards were still further 
subdivided by tabbed cards, having pipe sizes printed on 
the tab. 

An almost infinite variety of guide cards can be had, so 
that any form of subdivision may be used. 



CHAPTER m. 

PATTERN ACCOUNTS. 

I AM well aware that it is impossible to go into a complete 
detailed accoimt of the proper method of placing the cost 
of patterns for all kinds of manufacturing in any single 
article or discussion. For this time I have in mind only 
that portion of the accounting which is supposed to show 
the firm the value of their patterns at the inventory 
taking. 

This is still a very much complicated subject, as any 
oiie set of rules for depreciating their (the patterns') value 
cannot be made to apply to all kinds of patterns. Still a 
plan by which patterns may be accounted for from their 
actual cost, not by going to the expense of accounting each 
individual pattern separately — although this is done with 
machine-tools by many firms— but by grouping them in 
dasses or kinds, or by time production, making a single 
item of altproduced during one inventory period, or by a 
combination of the two, class and time, each item of the 
inventory might show the cost of one class of patterns pro- 
duced between two inventories. 

Thus we might go on dissecting our pattern record until 
it became so finely detailed as to show at any time the actual 
value of each and every pattern by depreciating its last 
inventory value by some prescribed or predetermined set of 
rules. 

325 



r 



326 PATTERNMAKING. 

For the reason that all will not agree on the value of old 
patterns, and because the inventory must necessarily show 
the worth of ail patterns, whether they are used in the 
actual production of the firm's output or are only necessary, 
and some of them seldom used accessories; for example, 
parts of fixtures and tools which are vitally necessary m 
the manufacture of the firm's product, and also such pat- 
terns as are made in repairing brealiages, and in replacing 
worn parts of machinery; these must all have some value. 

Whether it is considered best to put all of the patterns 
into one account, or, by keeping repairs and fixtures in a 
class by themselves, thus making two or more pattern- 
accounts, it will be necessary to fix upon some scheme for 
depreciation which shall free the account of patterns that 
have become useless or worn out. 

First comes the question, "What adds to the total value 
of patterns?" New patterns will, of course; then the re- 
pairing of patterns, when done intelligently, certainly en- 
hances their value, and in my opinion both of these items 
should be entered on the cost side of the account, especially 
when the cost is to be used as a basis for fixing inventory 
value, which is what I am proposing to do. We should 
now fix upon some period of time which shall represent 
the useful life of each pattern or class of patterns, or, what 
I should consider the more sensible and equally satisfactory 
way, upon a period which can be fairly considered as an 
average hfe for all patterns on hand. 

This would greatly lessen the task of inventorying, and 
by readjusting the length of this period from t 
&s was found necessary-, we could arrive at a much more 
satisfactoiy result, because we should always h 
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value to start from, the length of the period constituting | 
the useful life of the patterns having been fixed by some 1 
competent person. 

I am aware that it is a very common practice to depreciate I 
the entire account by a fixed percentage at each inventory, 
but this method often gives very unsatisfactory results. 
Let me illustrate. Patterns do not deteriorate as fast dur- 
ing the first part of. their existence as later on, when they 
begin to need repairs, and toward the last of their useful- 
ness they wear out pretty fast. For these reasons it does 
not seem right to depreciate the new patterns at the same 
rate as the old ones. Again, a flat reduction by a fixed 
percentage never entirely wipes out a pattern. ] 

But as all of these points have been gone over many ' 
times, I am telling you nothing new, and will pass on to an 
explanation of the scheme which I consider an improve- 
ment, and I shall be pleased if it is of help to any one who 
has the patience to follow me through this somewhat un- | 
interesting article. I 

The life of the pattern may be reckoned at any desired 
length of time, but, whatever period may be determined 
upon, the percentage of depreciation must be so arranged 
that at the end of its life you will have entirely wiped out 
its cost. A simple illustration wiU explain my proposi- 
tion. 

Suppose that a firm is producmg $ioo worth of patterns 
a year, and has been doing so for at least ten years in suc- 
cession. Suppose, also, that ten years has been fixed upon 
as an average life of all patterns, the pattern inventory may 
now be taken from the account in the manner shown by 
Table III. 
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Here is shown each year's production, which is used as 
a single item in making up the inventory, also the deprecia- 
tion of each item by an increasing percentage, beginning 
with 10 per cent, and ending with loo per cent., thus mak- 
ing no mention of a pattern which is ten or more years of 
age. 

This table is only given as an illustration, and may, of 
course, have the actual production entered, and also have 
the depreciation rates varied to suit needs of users. The 
only fixed point being that each item, whether it represents 
a single pattern, a class of patterns, or the entire produc- 
tion, is accounted for by itself, and is entirely wiped out at 
the end of the predetermined period, the last depreciation 
being final, or loo per cent. 

The table as constructed shows only one complete in- i 
ventory, that for the year 1910, but for the supposed con- 
ditions you will note that this inventory equals 265.9 P^ 
cent, of yearly production plus the last year's produ^i^^ 
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and as long as production remains the same, and other 
conditi(»)s are not changed, the inventory value will remain 
fixed, as it certainly should. 

This same table will also serve to illustrate the case of a 
firm just beginning manufacturing. The supposition that 
they will spend exactly $100 each year for patterns is, of 
course, hi^y improbable, but it will serve just as well to 
illustrate my proposition; and if the annual expenditure 
continues to be the same after the ten years accoimted for 
in the t£Ui>le, the inventory will also continue fixed, which 
seems to me to be an extremely rational and likely re- 
sult 

Again, if this is acknowledged to be a probable result 
in the suppositious case just dted, would it not be equally 
correct in an actual case? The only practical difficulty 
is the fixing of the actual annual cost of patterns, for after 
the cost has once been fixed the taking of an accurate inven- 
tOTy is very simple. Any one who keeps a pattern account 
may inaugurate this s)rstem by going back in the accoimt 
for ten years and substituting the actual cost for each year 
in place of the supposed annual cost of $100 in the table 
shown. Or if the life period of ten years is thought to be 
too short or too long, let him substitute any other period 
which may be deemed more in accord with prevailing 
conditions, and construct a table containing whatever num- 
ber of years may be decided upon as the useful life of the 
patterns to be accoimted for. There must necessarily be 
some limit to this period, as all will agree that a pattern 
which has ceased to be useful has also ceased to be of any 
value as a pattern, and can only be reckoned as so much 
waste material 
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Inventory value 1699,34 

For the sake of comparison I give two examples in Tables 
W. and v., one illustrating the proposition on a basis of 
fifteen years, and the other based on a twenty-year life. 
Personally I am of the opinion that a ten-year life is rather 
too long, but as it offers a simple and easily reckoned ac- 
count, I have used it as an example. 

The yearly depreciation may be at any rate which is 
thought to best fit the conditions, but the final year's rate 
must be 100 per cent. It will also be seen that the longer 
the life, the larger the inventory becomes; for ten years the 
value (at the rates given) is 365.9 per cent., in the fifteen- 
year example it is 616.85 P^"" cent., and for the twenty-year 
life it amounts to 699.34 per cent. 
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The fifteen-year case Ixings the inventoiy, much nearer 
to the twenty-year than to the ten-year. This apparent 
irregularity is caused by the varying rates oi depredaticHi, 
the ten- year table giving a regularly increasing rate through 
the whole life (rf the pattern, while the twenty-year depre- 
dation is much slower, only reaching, at the end of the 
seventh year, the rate used for the second year of the ten- 
year case, but reducing the last half oi the pattern value 
at the same rate as the ten-year. 

Still another rate of depreciation is shown in the fifteen- 
year example. While these illustrations serve to show the 
elasticity of the method, they all arrive at the same desira* 
ble end — ^the pattern disappears when it is worn out. 
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A BETTER way to rough out core- 
boxes, 76 
Accounts for patterns, 325 
Accurate spacing of dovetaib, 77 
Acid, oxalic, 36 
Adjusting saw guides, 57 

saw wheels, 57 

the slide, 76 
Affix for index, 325 
Alcohol, grain, 36 

wood, 36, 37 
Alterations, 313 
Aluminum patterns, 233 
Angle and globe valve bodies, 
difference in, 209 

and globe valve, customary 
form, 210 

body core-box, 224 

body pattern, 209 

branches for pattern, 212 
Another kind of pattern for 

screw, 197 
Arms for gears, locking together, 

159 
crooked, 160 

straight, 160 

for pulleys, 114, 121 

for traction wheels, 206 

fitting in, 207 

Assembling parts, 51 

A stripping-plate job, 250 

Atmospheric changes, 31 



Automatic feed on lathe, 83 
Average life of patterns, 326 
A vibrator-plate pattern, 256 
Awkwardness, 48 

Balance coreprint, 285 
Ball of globe valve pattern, 
templet for, 212 

to turn, 89 
Band-saw, 56 

adjusting guides, 57 

adjusting wheels, 57 

jointing the teeth, 57, 58 
Bayberry tallow, 41 
Beef tallow, 41 
Beeswax, 19, 40, 41 
Belts. 53, 54, 62 ^j 

endless, 55 

lathe, 85 
Belt pulleys, patterns for, 113 
Bench, drawers, 44 

height of, 43 

hook, 45 

length of, 43 

planes, 48 

top surface, 44 

width of, 43 

work, 57 
Better way of roughing out core* 

boxes, 69 
Bevel gear teeth, instrument for, 

175 
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Bevel gear teeth, of pitch at cir- 


Cant work, thickness of counei, 




cumference of propeller 


110 




wheel, 178 


Cants, 106, 107 




of pitch, changing (or pro- 


templet for, 106 




peller wheel, 180 


Card index for patterns, st? 




wheels, 163 


Care in oiUng, 82 




Birch, 34 


of patterns, 143 




Black vamiBh, 37 


Castings for patterns, 237, 268, 




Blower, 61 


290, 292, 304 




Blue varnish, 37 


how weight is entered on 




Board, shooting, 51 


record card, 324 




Body of steam cylinder, 141 


material indicated by color 




Boring hole for spindle, pro- 


of card, 321 




peller wheel patterns, 180 


Cast gates, 238 




Box for cutting prints for chain 


Centring split patterns, 91, 




drum, 191 


92 




for lightening cores, 268, 269 


Centre of courses for propeller 




for holding master pattern 


wheel, 179 




for multiple core-box, 300 


of globe valve core-box to 




Branches for globe and angle 


find dimenaona of, ai6, 




valve patterns, 214 


217 




for globe valve core-box, 220 


pin for globe core-box, 266, 




for globe valve pattern, put- 


280 




ting on, 214 


Centres, butterfly lathe, 86, 87, 1 




Brazing band-saws, 58 


88 J 




solder. 59 


female, 90 ^^^g 




Broken band-saw, 58 


improvement In, 89 ^^^H 




Building up core-box for globe 


84, ^^^1 




valve, 218 


Chain drum, i8g ^^^^ 




Butterfly centres, 86, 87, 88 


box for cutting printm 1 




Cable pulley, arms, 122 


Chain, to lay out, 198 




core-box for, 125 


to measure pitch, 133 




core - box for spiral 


Chain wheel, a cheap kind, 135 




grooved, 125, 126, 


core-box for, 131 




127 


core-box, templet for, 




patterns, I20 


134 




Canada dovetails, 73 


how to space, 133 




Cant work, ig6, 198, 218 


patterns, 130 




light, 109 


single tooth, 137 

_ 1 k. 4 
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Chain wheel, triple tooth, 135 


Core-box, globe valve, corners of 


Changes in atmosphere, 31 


centre, 219, 220 | 


Changing bevel of pitch for pro- 


globe valve, customary 


peller wheel, 187 


form, 216, 267, 271 ! 


Cheap chain wheel, 135 


globe valve, fourth side. 


patterns, 313 


I 220 


Cherry, 18, 33 


globe valve, how to se- 


Circular saw, 51, 53, 56, 62 


cure wings, 224 ^J 


Classifying patterns, 326 


globe valve, how to ^^^| 


Clearance for gear teeth, 167 


build up, 218 ^^^1 


Close-grained timber, 33 


globe valve, locating ^^^| 


Color of card indicates material 


217, ai8 ^^^1 


of casting, 321 


globe valve, squaring ^^^| 


Common fault in castings tor 


up centre, 219 ^^H 


core-boxes, 292 


globe valve, templet ^^M 


practice with metal pat- 


218 ^^M 


terns, 233 


globe valve, to find ^^H 


Conveyor pattern, 193 




core-box, 194, 195, 196 


^^M 


Cope, how different from nowel, 


globe valve, wings and ^^^| 


249 


half-moon, 221 ^^^| 


Core, common form of multiple. 


globe valve, yoke end, ^^^^| 


28s, 286 


220 ^^H 


double, for oil cup, 285 


grooves in chain drum, ^^^| 


for exhaust, 146 


192 ^H 


globe valve, 262 


grooves in chain drum, ^^^| 


oil cup, 285 


stopping off, 192 ^H 


steam chest, 144 


^^^1 


prints, 21,22 


pulley hubs, 119 ^^^| 


space between for multiple 


screw pattern. 199 ^^H 


box, 286 


worm pattern, 203 ^^^| 


straight round, 286 


Core-box, locating in safe, 323, ^^^| 


Core-box for angle valve, 224 


^m 


chain wheel, 131 


multiple, 285, 286, 287, 289 11 


conveyor pattern, 194, 


of plaster of pans, 268, 269 


195. 196 


of staves, 105 ,, 


globe and angle valve 


roughing out, 67, 6S ^^J 


bodies, 215 


templetsforchainwheel,i34 ^^^ 


globe valve, branches 


Cores for cable wheels, length ^^H 


i for, 220 


of segment, 132 ^^^H 
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Cutting wedges to a point, 70 
Cylinder-head pattern, 152 

Depreciating value of patterna, 

Deprecbtion, yearly, 330 

Details of cost sheet, 317, 318 

of record card, 322, 324 
Diameter of core-print for nut, 

Difference between cope and 
nawel, 349 
in moulding, 168 
Difficulty of sawing dovetails, 75 
Dimensions of centre for globe 
valve core-box, 216 
of master patterns, 240, 241 
Disposition of cost sheet, 319 
Dovetails, accurate spacing of, 
77 
difficulty of sawing, 75 
Draft for gear teeth, 165 
Drawers in bench, 44 
Drawings, for a propeller wheel, 
176 
for a screw pattern, ao2 
mechanical, 27, 28 
translating, 5a 
Draw-knife, 52 
Drilling stripping-plate, 346, 247, 

248 
Drum for chain, 189 

to lay out, 190 
Durability of patterns, 17 

Ears on multiple core-box, loca- 
tion of, 394 
on multiple core-box, shape 
of, 295 

Economy of a kind, 311 
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Endless belts, 55 
Engine lathe, 83 
Engineer, pyrotechnic, 26 
Errors, correction of, 26 
Example of patternmaker's skill, 

253, 288 
of moulder's skill, 288 
of turning, 86 
Exhaust core, 146 

Face-plate, wrong use of, 90 

to prevent sticking, 92 
Farm engine traction wheel, 205 
traction wheel, gluing 

up hub, 205 
traction wheel, arms, 

206 
traction wheel, parting 
of rim, 205 
Faults of lathes, 81, 82 
Favorable form of arms for 

parting, 159 
Feathers, 108 

Feed on lathe, automatic, 83 
Female centre, 90 
Fence, setting of, 66 
Fifteen-year table, 330 
File card, 57 
Fillets, 22, 96 

cut by the moulder, 98 

gear teeth, 166 

hard wood, 155 

of leather, 96 

of putty, 97 

of wax, 97 

of wood, 96 

sawing, 73 

worked out of the solid, 96, 

97 
Filing saw, 57, 63, 65 



Finding pitch of old propeller 

wheels, 188 
Fine example of patternmaker's 
skill, 255 
measurements, 25 
Finishing gates, 238, 239 
iron boxes, 268, 281 
First course of propeller wheel, 

181 
Fitting in arms of traction wheel, 
207 
together multiple core-box 
units, 291, 293, 294 
Fixing dimensions of master 

patterns, 297 
Flanges for globe valve patterns, 

213 
Flasks, making snap, 78 
Flat patterns, to prevent warp- 
ing, 148 
Follow board, 115, 117 
Foreman's instructions, 312, 318 
Foundation for machinery, 61 
Four-groove sheave for cable, 

124 
Fourth side of globe valve core- 
box, 220 
Fresh varnish, 36 

Gauge for gear teeth, 168 
Gates for metal patterns, 237, 
238 

how to finish, 238, 239 
Gating, 16 

multiple boxes, 303, 304 

white metal back, 300 
Gear, how to lay out, 158, 173 

moulding machine, 310 

patterns, 158 

patterns, hub for, 169 
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Gear patterns, squaring across 


Globe valve, tGicknew J lup ' 


face, 164 


for dowels, 279 


spiral or "V," 169 


to find dimensions of 


teeth, 59, 161 


centre, 216 


clearance of, 167 


wedge for making first 


test gauge, 168 


part, 276 


to put on, 161 


Globe valve core-stick: 


uneven spacing, 166 


for lightening core, 268, 


tooth, fillet at root, 166 


269 


wedges, 72 


for regular cores, 271 


Globe and angle valve, custom- 


making, 271, 272, 27J, 


ary form, JIO 


274 


and angle valve, difference 


seat. 272 


in, 209 


yoke or hub end, 27^. 


Globe valve, branches for, 212 


273 


templet for ball, 212 


Globe valve patterns: 


Globe valve core, customary 


classes of, 208 


form, 262 


core-box for, 215 


core making, 266, 267 


first requisite, 209 


Globe valve core-bos: 


fiangea for, 213 


branches for, 218 


putting on branches,2t4 


^^^^ centre pin, 280, zSl 


to build up, 210, 211 


^^^1^ dowel pine, 263, 279, 


Glue, 18, 19 


^^^H 2S2 


joints, 39 


^^^^^H finishing iron boxes, 


thickness of, 40 


^^■1 


Gluing up stuff for hub of trac- 


^^^^H for makii^ complete 


tion wheel, 205 


^^^^H core, 262 


Good patternmakers, qualifica- 


^^^^1 half-moon and wings, 


tions of, 28 1 


^^^^1 221 


37 ^H 


^^^^1 how to secure wings, 


49 ^^^^1 


^H 


Grading pulleys, 118 ^^^^| 


^^^^K locating joints, 217, 218 


Grain alcohol, 36 ^^^ 


^^^^H most common form, 


Grinding plane iron on concave ' 


^^H 371 


stone, 169 


^^H squaring up centre, 219 


Grindstone. 50 


^H 22s 


Grooves in chain-drum, core-b(W J 


^^^M templet 


for, 191 1 


^^^^M thickness of iron box, 


Guide, band-saw, 57 J 




cards, 323. 324 ^^J 




i . m 
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Hand-saws, 51 


Inspecting castings for multiple 


Hand- turning tools, 83 


boxes, 304, 305 


Half-moon in globe valve core- 


Instrument to teat bevel gear 


box. 121 


teeth, 175 


Heads for stave work, 99, 100, 


Instructions by foreman, 312 


loi, 102 


Interchanging ideas, 140 


Height of bench, 43 


Inventory of patterns. 324 


Herringbone gears, 169 


value of patterns. 326 


templet for teeth, 171 




Hexagon patterns, how to place, 


Jacket core for steam cylinder, 


248 


147 


High-speed machinery, 53, 8a 


Jig for drilling pin-holes in 


Hoarding habit, 44 


multiple boxes. 305 


Hole for spindle in propeller 


for drilling stripping-plate, 


wheel, 180 


345 


Hollowing staves, 69 


Jig-saws. 59 


How to find out what a man can 


tension-spring, 60 


do. 31a 


Job on stripping-plate, 242. 250, 


to finish gates, 236, 239 


251 


to finish stools, 253, 354 


Joints for gluing, 39 


to make cheap patterns, 


. 


313 


Keeping pattern record, 317 ^^J 


to space patterns, 246 


Kerf of saw. 64 ^^H 


to space wood plate, 260 


Kind of pattern for screw, 197 ^^^| 


weight of casting is entered 


^^^H 


on record card. 324 


LAaNG, 53. 54, 55 ^^H 


Hubs for gear patterns, i6g 


Lathe, 53, So ^^H 


for pulleys, 119 


automatic feed, 83 ^^^^| 


for traction wheels, to glue 


65 ^^H 


up, 205 


centre for wood, 90 ^^^^| 




centres, 86. 88 ^^^| 


IiiPKOVBMENT in lathe centres, 


counter- shaft, 85 ^^^H 


89 


83 ^^^H 


in cost of patterns, 309 


faults 83 ^^^1 


Increase pitch for propeller 


84 i^^H 


wheel, 187 


special tools for. 93 ^^^H 


Index card, 315 


Laying out chain drum, 190 ^^^H 


prefix. 315 


Laying out chain drum, 190 ^^^H 


record, 330, 321 


core-box for globe valve ^^^H 


Indexing by vowels. 315 


[jattein, i\^ ^^^H 




1 m 
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Laying out gear teeth, 158, 173 


Making patterns of met^, 327, II 


partition and seat (or 


228, 268 


globe valve core-box, 


snap-flasks, 78 


225 


templet for half-moon, 226, 


pulley spiders, 116 


227 


work, 51 


Maple, 34 


work, tools for, 47 


Marking patterns, 315 


Leather fillets, 96 


tabbed cards, 320. 321 


Length of bench, 43 


Master patterns. 236, 239, 240, 


of segment cores, 132 


291 


Life of patterns, 326 


Match board for moulding white 


Lifting off pin-side of multiple 


metal back, 299 


box, 295 


plates for multiple boxes, 


Light cant work, 109 


298 


Lightening core, box for, 268, 269 


Material, 17, 39 


Lightening core-stick, s68, 269 


tor metal patterns, 233 


Lines on first course of propeller 


of casting indicated by color 


wheel, 181 


of card, 321 


Loam work, 310 


Mating broken gears, 172 


Location of ears on multiple 


Measuring pitch of chain, 133 


boxes, 294 


Measurements, fine, 25 


of ears on iron boxes, 286, 


Mechanical drawing, 27, 28 


Z94 


Metal patterns, 19 


Location card, pattern and core- 


common practice with 


box in safe, 322, 324 


233 


Locating half-moon, core-box for 


from solid stock, 236, 


globe valve, 221,222 


237 


joints in core-box for globe 


gates for, 234 


valve, 217, 218 


how to gate, 237, 238 


Locking arms together, 159 


material for, 233 


Loose pieces, 18 


Metal patternmaker, 19 


part wedges. 72 


Mexican wood, 18, 33 






Machine moulding, 17 


plaster for core-boxes, 270 


tools, 19 


Modem tools, 47 


Mahogany, 18, 33 


Modification of pitch of pro- 


Making core for globe valve, z66, 


peller wheels, 184 


267 


Moulders, 20 


multiple core-boxes from 


a point to observe, 292 


solid stock, 268.287 

1 


skill, example of, 388 .^^J 




. ■ 



^^^KK 341 ^1 


'> Moulding macbiiw, 17 


Multiple core-box soldering 


patterns, 234. 239 


units, 293 


Mounting pattema on wood 


standard for size, 297 


plate, 260 


to make from solid 


Multiple core-box, box for hold- 


stock, 387 


ing master, 300 


unit, 290 


fitting units together, 


white metal back, 299, 


290, 291. 292. ^93. 


300 


294 




gating for machine, 304 


Need of weight in patterns, 260 


gating white metal 


Nowel, how different from cope, 


back, 299, 300 


249 


how cope and nowel are 


Nut, pattern, 235, 257 


1; matched, 300, 301, 


for screw, 201 


^B_ 302 


Nuts and screws, pitch of 


^^^B how gated for machine, 


thread, 201 


^H 3°4 




^^^F how master is finished 


On., 61 


1 fcr bench moulder, 


paint, 38 


394. 295 


stone, 48 


how master is finished 


Oiling, care in, 82 " 


for machine, 297 


Oil sand mixture, 296 


1 inspection of castings 


Old-fashioned tools, 47 


for, 304, 305 


lathes, 80, 81, 82 


1 jig for drilling pin- 


patterns, value of, 326 


^^^f holes, 305 


timber, 18 


^^^V lifting of! pin side, 295, 


One-groove sheave for cable, 121 


^P 3»5 


One kind of economy, 311 


^^^ locating master in box 


One way of making crosshead 


1 for machine mould- 


pattern, 153 


ing, 301 


Oxalic acid, 36 


location of ears, 294 




making last jomt, 294 


Paint, oil, 38 


match plates, 297 


Parafiinewax, 40, 41 


placing core-sticks for 


Parting line for steam cylinder. 


master, 2 88 


142 


securing master in box 


of rim for traction 


for machine mould- 


wheel, 205 


l ing. 301 


Patterns, accounts, 325 


l^^_ shape of ears, 293 


average life, J26 


■ 
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^^^^^^^1 
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Saw guidCB, 52. 53, 56. 57, 58, 


Segment work, ro6, lOb, 109 ■ 




59.62 


Sensitiveness of wood, a 




hand, 51 


Setting cores for cable pulley, IJ9 




kerf, 64 


saws, 62 




slide, adjustable, 76 


the fence, 66 




to adjust, 57 


Shape of ears on multiple boxes, 




wheels, to adjust, 57 


295 




Sawing angles, 78 


Shaping pattern of propeller 




Canada dovetails, 74 


wheel, 185 ; 




curves, 56 


Sharp tools, 48, 49 , 




dovetailed wedges, 72 


Sheet metal gates, 238 




dovetails, 75 


Shellac, 19, 35 




fillets, 73 


Shooting-board, 51 




heads for stave work, 100, 


Short courses for propeller wheel, 




101 


183 




mitres, 78 


Shrinkage of wood, 31, 32 1 




octagonal prisms, 72 


Single casting, pattern for, 36 




pieces to a length, 79 


tooth chain wheel, 137 4 




staves, 7t, ^3, 183, 184 


Size of lathe, 80 ^^M 




wrfges, 70 


43 ^^1 




Saws, jig, 59 


Slide, adjustable, 76 ^^^1 




setting of, 6z 


valve pattern, 149 ^^^H 


; 


speed of, 56, 57 


Small steam cylinder, 147 1 


splitting, 64 


Space between cores in multiple 




whip, 52 


• boxes, 286 ' 




Scales, 25 


Spacing gear patterns, 162 ' 




Screw and nut, pitch of thread. 


of chain wheels, 133 

of dovetails, accurately, 77 




drawing the pattern, 203 


patterns, 246 1 




nut for, 201 


rack, 163 




pattern for, 189, 204 


wood plate, 260 




pattern, core-box for, igg 


Specialization of work, 52 




propellers, 176 


Special stool pattern, 251, 253 




thread, to lay out, 198 


tools for the lathe, 93 




Second course for propeller 


Speed of lathe, 85 




wheel, i8i 


of saws, 60 




Securing wings in globe- valve 


Spiral, to cut in lathe, 83 




core-box, 223, 224 


gears, 169 




Segment cores, length ot, 132 


grooved cable pulley, I25> 




Segtaeats, templet for, 106 


126. 127 

r k 1 
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Spirit, pyroxylic, 37 

Split patterns, centring of, 91, 92 

without dowels, 156 ^ 
Splitting saw, 64 
Spreading varnish, 37 
Sprocket-wheel, 138 
Squaring across the face of gear, 
164 
up centre for globe valve 
core-box, 216 
Standard size for multiple boxes, 

297 
Staves, for core-boxes, 105 
hollowing out, 69 
sawing of, 71, 72, 103, 104 
Stavework, 99 

heads for, 99, 100, loi, 102 
Steam-chest core, 144 
core print for, 143 
cover, 148 
Steam cylinder, body of, 141 
jacket core, 147 
parting of, 142 
pattern, 139 
small, 147 
Steam piston, 150 
Steam port core, 144 
Sticking of face plates, to pre- 
vent, 92 
Stools, 46 

Stool patterns, 240, 241, 243, 
244, 251, 252 
plate, 242, 251 
Stopping off core-box for chain 

drum, 192 
Straight arms, 160 
Strengthening pattern for pro- 
peller wheel, 186 
Stripping plate, 242, 247, 251 
jig for drilling, 245 



Substitute for varnish, 35 
Surface, a good, 37 
Swelling of wood, 31, 32 

Table, 45 

saw, 56, 65, 66 
Tabbed card, how marked, 320, 

321 
Tail-centre, 84, 88 
Tallow, bay berry, 41 

beef, 40, 41 
Tally card, 321 
Tapered seat in globe valve, 

228 
Teeth, gear, 59, 160 

draft, for gear, 165 
Templets for cants, 106 

globe valve ball, 212 
globe valve core-box, 

218 
hexagon, 248 
propeller wheel, 177, 

178 
"V" gear teeth, 171 
Ten-year table, 328 
Tension spring for jig saw, 60 
Test gauge for gear teeth, 168 
Testing dividers, 162 

instrument for bevel gear 

teeth, 175 
pattern for propeller wheel, 
184 
Thickness of courses, for cant 
work, no 
of courses, for propeller 

wheel, 178 
of edge for tools, 49 
of glue, 40 
Thread, to cut on screw pattern, 
199' 
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Thread, to put on screw pattern. 


Turning a ball, 89 

a peculiar job of, 94 




Timber cross-grained, 32 


example of, 86 




close-grained, 33 


fillets, 98 




old. 18 


tools for hand use, 83 




young. 43 


wood in engine lathe, 83 




To clean thread on spindle nose, 


Twenty-year taWe, 330 




92 
To find pitch of propeller wheel 


Uneven spacing of gear teeth, 




at any point, 179 


[66 




To lay out chain drum, 190 


Unit for multiple core -boxes. 




seat for globe valve, 225 


290 




screw thread, 197 


for multiple core-boxes, fit- 




Tool cases, or cupboards, 44. 


ting together, 290, 291, , 




chests, 47 


292, 293. 294 




grinder, wet, 50 


for multiple core-bones, how 




Tools, cutting, 48 


mould should be made, 




for laying out work, 47 


292 




good, 49 


for multiple core-boxes, 




machine, 19, 53 


parting line for mouldw. 




modern, 47 


292 




old-fashioned, 47 


for multiple core-boxes, sol- 




purchase of, 49 


dering, 293 




rules for grinding, 50 


Untidiness, 43 




sharp, 48, 49 


Useful life of patterns, 326 




special, for lathe, 93 


Use of jig for stripping plate, 246, 




thickness of edge, 49 


247, 248 




turning, for hand use, 83 






To prevent flat patterns from 


Valve, angle, 209 




warping, 148 


globe, 208 




To put on gear teeth, 160, 161 


globe and angle, difference 




Top surface of bench, 44 


in, 209 




Total value of patterns, 326 


globe and angle, core-boi 




Translating drawings, 52 


for, 213 




Traction wheel, farm engine, 205 


Value of old patterns, 326 




arms, 206 


of patterns, for inventory, 




fitting in arms, 207 


3^6 




gluing up hub, 205 


of patterns, how to de- | 




rim, parting of, 205 


preciate, 327 




Triple-tooth chain wheel, 136 


of patterns, total, 326 
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Varnish, i8, 35 
black, 37 
blue, 37 
fresh, 36 
mudng colored, 37 

red, 37 

spreading, 37 

substitute for, 35 

to save, 311 
Vibrator, 256 

plate, 250, 256 
Vise, 45 
"V" gear, 169 

Warping of flat patterns, to 

prevent, 148 
Wax, paraffine, 40, 41 

fillets, 97 
Weather-proofing pine plates, 

259 
Wedges, cutting to a point, 70 

Wedges for gear teeth, 72 

for loose pieces, 72 
Weight in patterns, need for, 260 

of wood, 24 
Wet tool grinder, 50 
Wheel, chain, templets for core- 
boxes, 134 

band-saw, 57 
Where the pattern goes from 

pattern-shop, 319 
Whip-saw, 52 
White metal back, 299, 300 



White metal back, gating of, 300 

patterns, 233 
White pine, 18, 31 
Whitewood, 31 
Width of bench, 43 
Wings in globe valve core-box, 
221 

cutting off top comer, 229 

cutting off tip, 227 

rounding comer, 229, 230 
Wood alcohol, 36, 37 
Wood, Cuba, 18 

centre, 90 

fillets, 96 

Mexican, 18, 33 

pores in, 32 

sensitiveness of, 33 

shrinkage of, 31, 32 

swelling of, 31, 32 

weight of, 24 
Work, bench, 51 

kiying out, 51 

preparing for the lathe, 89 

specialization of, 52 
Worm patterns, 202 

wheels, 169 

Yearly depreciation of patterns, 

330 
Yoke end of globe valve core, 273 
of globe valve core-box» 
220 
Young timber, 18 
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j AUTOMOBILE 

3DERlf GASOLINE AUTOMOBILE— ITS DESIGN, CONSTRUCTrOB, 
;HAKCE AND REPAIR. By Victor W. Page, M. E. 
i snd most complete treatise on the Caaollne Automobile ever Issued. Written 
language by a recognizod autliorlty. familiar with every branch of the automobile 

Friie rrom technical terms. Everything is explained so simply that anyone of 
iteiligonce may gain a comprehensivs knowledge of the gaaallne automobile. 
nation la up-to-date and Includes, In addition to an expoutlon of prindplea of 
on and description of all types of automobllee and that components, valuable 
ling hints on the care and operation of motor cars prouelled by lnt«nuil combns- 
es. Among some of the subjects treated might be meniioned: Torpedo and Other 
«1 body forms designed to reduce air resistance; sleeve valve, rotary valve and 
a of silent motors; IncreaBlng tendency to favor worm-gear pDwer-tranamlBsion ; 
appiluatlon of magneto ignition; development of automoDlle electric-lighting 
Block motors; underaluQg chassis; appiicatioQ of practical self-starters; long slrolie 

cylinder motors; latest automatic lubrlcatioo systems: silent chains for valvo 
and change-speed gearing; the use of front wheel brakes and many other detail 



hiterested in the modern Gasoline Automobile, this Is a book you cannot aOord 

. »r,..,,. ^^.. „..„ ^^j more than SOO new and specially made dr— " 

e and doublepage platoa. showing all parts 



Nearly SOU 6xH pages— and more than SOO new and specially made detail il- 

""" "- — -.oy full page and double pag — ' -■-— > ■> -- ->— 

le large folding plates. Price, 



BALLOONS AND FLYING MACHINES 

BALLOONS AND FLYING MACHIKES. WITH A SHORT ACCOUHT OF 
OGRESS OF AVIATIOH. By J. H. Alexander. 

has been wtillen with a view to assist those who desire to construct a model airship 
lEichine. It contains five folding plates of working drawings, each sheet conlainini 



of these models. 

count of the progrefis of aviation Is included, which 

Several illustrations ol fuU sized airship and dyio) 

ihrouBhout the leil. This practical work elves da,-, .._.___ -._ = 

'jt materially those interested in the problems of Sight. 127 pages, *5 lilustra- 



IS^pk 



Price 

BEAZINO AND SOLDEEDTG 



r solderhig that 
jiiia. The (Iftli edition "of'this'book has Just been putUshed, and 



is you what mliture to use, how to make a furnace If 'you 



large nmnbor of tested formulas for all kinds of solders' and fluxes have 

liluatrated 30 cents 



[f SUBMARINE CHART— WITH 200 PARTS NUMBERED AND NAMED, 

mon view, showing clearly and distinctly all the Interior of a Submarine of (he 
i. Yon get more Information from this chart, about the construction and opera- 
Subraarlne, than in any other way. No details omitted — everything Is accurate 
ile. It is Bbaolu[«ly correct in everv detail, hai-ing been approved by Naval 
All the machinery and devices fitted In a modem Submarine Boat are shown, and 
readily understood all Che features we 5lii«ni.\ii.«arawvjj.".«t— 

- -— -'--— P .-- -*-- .1-..,-- 1^_!» ..^ ■'V...-^^^J^.^,J^,^ 



ers and Men in the act of performing the liviUen nB^WUBa. Vi Wiss™i?V ¥S^«^" 
This OBART 13 REALL,Y AN liHCVCLOPETJlN O^ ^L S^^TA-S^K^g?-, 
na; and worth maay times IK coat. Mailed, In a tii>J6 tot — 
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BOX CAR CHART. 

A chart stiowlnE the anatomy of a box car, having every pari of the car numbers 
proper name given in a reteiBUce ilat Z 

GONDOLA CAR CHART. 

A chart showing ttie arialoiny of a sondola car, having ever; part of the car numtx 
Kb proper reference name given in a reference iist i 

PASSENGER CAR CHART. 

't sbowing the anatomy ot a passenger car. bavlng every part of the car numb 






WESTINGHOUSE AIR-BRAKE CHARTS. 

Cliart 1.— Shuws (in colore) the moHt modern Westinghouse High Speed and Sicnal E 
ment used on Passenger Engines, PassenKer Engine Tenders, and Passenger Cars. ■_ 
II, — Shows (In colors) the Standard Westinghouse Equipment for Freight and SnKCl 
clnes. Freight and iiwitcb Engine Tenders, and Freight Cbjb. Price for tlie set . ■" ■" 

TRACTIVE POWER CHART. 

A chart whereby you can find ihe Iraclive power or drawbar pull of any locomotii 
mailing a, figure. Shows what cylinders are equal, how driving wheels and sleai 
•ffect the power. Wtutt sized engine you need to exert a given drawbar pull oi — , 
you desire in this line 60 i 

HORSE POWER CHART. 

Bhows the horse power of any stationary engine without calculation. No m 
cylinder diameter of stroke; the steam pressure or cut-ofT; the revolutions, o 
densing or non-condensina. It's all there. Easy to use, accurate, and saves t 
lalions. Especially useful to engineers and designers . . 

BOILER ROOM CHART. By Gbo. L. Fowlee. 

A Chart — size 14 i 28 inches — showing in isometric perspective the mecban , 

In & modem boiler room. Ws,ter tube boilers, ordinary grates and mechttnical stokui, 
water heaters and pumps comprise the equipment. The various parts are show '""'' 
removed, so that the internal construction is fully illustrated. Each pan is givei 

number, and these, with the correspond hig name, are given in a glossary printed _. 

This cbart Is real^ a dictionary of the boiler room — the names of more than 200 parti 
given. It is educational — worth many times its cost "" ■ 

Crvn. ENGINEERING 

HEflLErS EHCYCLOPEDIA OF PRACTICAL ENGINEERIHG AMD ALl 
TRADES. Edited by Joseph G. Hor.neh, A. M. I. E. M. 
This set of flre volumes contains about 2.S00 pages with thousands of illustrations, Ind 
diacrammatic and sectional drawings with full explanatory details. This work covr^ 

entke practice of Civil and Mechanical Engineering. The oest known experts In all bn 
ot ensineeriog have contributed to these volumes. The Cyclopedia is admirably well ti 
to the ne^s of the beginner and the self-taught practical man. as well as the medwat 

eeer, designer, diaitsman. shop superintendent, foreman, and macbloist. The v/oCt 1 
nd a means ot advancement to any progre.ssive man. It Is encyclopedic ia scope. llM 
and practical in its treatment of technical subjects, simple and clear in Its desctipUvan 
__ . _..._. .|j unneoesaary technicalities or formulae. The articles are as brief at "" 



Set give a reasonably clear and explicit Etatement of the subject, and are written by id 
ave had ample practical experience in the matters of which they write. It tells you 
want to know about engineering and tells It so simply, so clearly, so concisely, that one 
help but understand. As a work of refereoce it is without a peer. (6.00 petaimlei 
For complete set of five volumes, price I 

COKE 



CATALOGUE OF GOOD. PRACTICAL BOOKS ^^ 

IV. ThB Sampilng and Valuallon of Coal, 

■. The Calorific Power of Coal and Coke, VI, Coke Ovens. VII. Coke Ovbeb, 

. .- - ■■.arglng and DlscharBing ot Coke Ovens, 

usters. XII. Composition and Analysis 
imontacal Liquor. XtV. Treatment ot 

, J ot AmmDniiim Sulphate. XVI. Direct 

J of Ammonia from Coke Oven Qaaea, XVll. Surplus Gas from Coke Oven. Use- 
'-■ Very fully must rated. Price tS.eOnet 

COMPRESSED AIR 

iSBD AIR IH ALL ITS APPLICATIONS. By Gahdneb D. Hiscox. 

, most coinpleto book oa the Bubiect of Air that has ever been issued, and Its thlrtj-- 

btBTH includo about evory pbaso at tho subject one can think of. It may be called an 
'-■■•- — compressed air. It la written by an eipert, who, in ita 665 pages, has dealt 
. ._ . .. . . , ,. u„: ,..^J Includes the 



EVhJch Compressed Air is a Most Convenient and Economical Transmitter of Power 
nlcal Work. Railway Propulsion. Refrigeration, and the Various Uses to which 
.jd Air hta been applied. Inciudes forty-four tables of the pliyslcal properties of 
mpresslon, eipanslon, and volumes required for v--' — i.'-j- -' 1. --a _ ii_. _. 



, Archivoll, Colura , 

Kn the job. These may be molded hi ul 
manded. This worklsfully iiluslraled 

|lETE FROM SAND MOLDS. By A. A. HonoHTOn. 

"leal Work treating on a process which has hfrelotore been held as a trade secret b; 
who possessed it, and wiiich will auccestlully mold every and any class of ornamental 

. 1. -.1 . nioldlng concrete with sand molds Is o( the ulmoat praclic*l 

, advantages ot a low cost of molds, (he ease and rapidity of 

:. perfect details to all ornamental designs, density, and Increased strength of the 
perfect curing of the work without attention and tbe easy removal of the molds re- 
f any undercutting the design may hare, 192 pages. Fully illustrated. Price SS, 00 
tETE WALL FORMS. By A. A. HonaHTOtf. 

Automatic wull clamp is Illustrated with worklni; drawings. Other types of wall 
SlamiH, separators, etc., are also iiluslraled and eiplalned 50 cents 

tETE FLOORS AHD SIDEWALKS. By A. A. Houohton. 

s for molding squares, heiagonal and many other styles of mosaic Hoor and slda- 
ks are fully illustrated and explained 60 oenti 

Jy A. A. HotraHTOM. 

- „ , .- .al styles of concrete dlM. 

itrations at molds for monolithic and block sUos. The tables, ilata and Intormallon 
' ' ■ I planning and constructing all terms of concreti 

CO OMIIS 

blNG CONCRETE CHIMNEYS, SLATE AND ROOF TILES. By 



inufaoture of ail types of concrete slate and roof tile It fully treated. Vt.V\a»w«. ft»Sjh 
rpforasiaealBl designs ot chimney consttuelion vVCa TiiQ\4a fcxt tosf*™. "ai M^--^ 
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The proper proportioi 

B'ibjBa'tlmt'"e"ety MDci^e'mirkeVwfflftad'^ 

CONCRETE MOHUMEHTS, MAUSOLEUMS AHD BURIAL VAULTS. 

HODGHTON". 

The molJine of coDcrele monuments lo imilaie the moat eipenaive out slone Is 
Ihia treatiw, with working diawiogs o[ easily buiJl molds. Cutlinjc inschptjona 
ia also fully treated 

MOLDING COMCEETE BATH TUBS, AQUARIUMS AHD HATATORIUM 

By A. A. HouaKTON. 

Simple molds and instruction «ie pven loi molding mtnT styles of COQCI 

Bwlmminc ijooIs. etc. These m<dds un easily buUI «id permit rapid 

CONCRETE BRIDGES, CULVERTS AND SEWERS. By A. A. HooanTO 

A number of Ofnamenral concrelo bridges with ilUialralions of moLdsare itlven. A collapaf 
center or core tor bridnea, culverla and sewers Is tuUy illustrated with detailed Instructions ! 
building ' -^ 

COHSTBUCTIMG COHCRETE PORCHES. By A. A. Houghton. 

A number ot designs with working drawings q( molds are Tullj- espialned bo anyone can eu 
construct different styles of omsimenlal concrete porches without the purchsde □( eipenl 
molds 5Cf «i^ 

MOLDING CONCRETE FLOWER POTS, BOXES, JARDINIERES. ETC. 

A. A. HOUOBTON. 

The molds tor producing many Otlginal deaigns of flower pots, urns. Bower boiea. jardinlKI 
etc.. are fully illustrated and eiplained, so the worker can easily construct aud opa^ 
same 60 « 

MOLDING CONCRETE FOUNTAINS AHD LAWN ORNAMENTS. 
A. A. HoncKTON. 

The molding of a number ot designs of lawn sea la, curbing, hitchmg posts, pergolas, sun i _ 
and other farms of ornamental concrete for the ornamentation of lawns and cardeni. 



■,t are numtM 



a works. The ai 



-- e and Its a. ^ ^ 

er. clearly written, fully iliustraCed « 



from iDTolved mathemacTcs. KTerylihing of value to tbe concrete user is given Including k 
ot cement employed In conaCnictlon, concrete architecture. Inspection and teatlos. w: 
prooflne, colorlUB and painting, rules, tables, working, and cost data. The book comii 

thirty-three Chapters. "~ '"" 

i of Cements and How They an .... _. , _„ 

ite and Its Properties. Sand, BrokenStone < 
tne Materials. How to Mli and Place Conra 

. _ . _. rchitectiiral and Artistic Possibilities of Concr 

Ooaorete Rasldences. Mortars, Plasters and Stucco and How to Use Them. The Artj 
Treataeat of Ooncrpta SurfaCBs, Cobctc«i BulWtoe Blocla, The Making o( Omama 
tonereto. Concrete Pipes, Fences, Poaw, Ere. Esaei\UA^?*,WKws,^i4 kft^MAams ofR« 
'nxd Concrete How lo Design Rcenlorcpd Coiiotwe ^ewma, S«A« laA oSMima.. ' 
amtloas of tbo Methods and Prtnc\ii\ea ta Oeftsp\&6y*crfD™A c™.awa-»«tM 



Ine Construction. Concrete In Foundation Work. Concrete Retaining Walls, Abut- 
I. and Bulkheads. Conirrote Arcbes and Arch Bridges. Concrete Beam and Olrder 
EB. Concrete in Sewerage and Drainage Works. Concrete Tanks. Dams B.nd Reser- 



d Concrete User. Price. . . 



ERPROOFING CONCRETE. By Myron H. Lewis. 

m Methodaof Waterproofing Concrete and Other Struclurea. A condenaed Ktatement 
9 Principles. Rules, and Precautions to be Observed In Waterproofing and Damp- 
ng Structurea and SCructural Materials. Paper binding' lUusCrated. Price. .DO centi 

DICTIONARIES 

IDARD ELECTRICAL DICTIOHARY. By T. O'Condr Sloanh. 
dlspeoaahie work lo all interested in electrical science. Suitable alike tor the student 

5t words, terms and phrases. The deflnitiona are terse acd concise and include everr 
used in eloelrical science. Recenllj issued. An entirely new edition. Should be lit 
isseasion ol all who desire to keep abreast with the progress of this branch ot science. 
' ' 'S2 pages. 393 illust rations. Price .... S3.00 



i 



DIES— METAL WORK 



THEIR CONSTRUCTION AHD DSE FOR THE MODERN WORKING OF 
ST ICETALS. By J. V. Woodworth. 
;t UsetuI book, and one which abould be In the hands ol all engaged in the press workins 
tals; treating on the Designing, Constructing, and Use of Tools. Fixtures and Devices, 
ler with the manner In which they should be used in the Power Press, lor the cheap and 
production of the great variety of sheet metal articles now in use. It is designed as a 
to the production of sheet metal parts at (he minimum of cost with the maihnum ot 
t. The hardeuins and tempering of Press tools and the classes of work which may be 
ced 10 the best advantage by the use ot dies In the power press are fully treated. Its 
lustrations show dies, press Oxlures and sheet metal working devices, the descriptions 
Ich are so clear and practical (hat all metal-working mechanics will be able to understand 
^o design, construct and use them. Many of the dies and press flitures treated were 
coiuitnicted by the author or under his supervision. Others ware built by jkllful 
tnics and are in use In large sheet metal establishments and machine shops. Price S8.00 

CHES, DIES AND TOOLS FOR MAHUFACT0RING IS PRESSES. By J. V. 

DWOBTH. 

work is a companion volume to the author's elementary work entitled "Dies, Their 
ruction and Use." It does not go Into the details of die making to the extent ot ths 
r's prEvioua book, but gives a comprebensivB review ot the field of operations carried on 
esses. A large part of the Information given has been drawn from the author's penuinai 
lence. It might well be termed an Encyclopedia ot Die Making, Punch Maklni 



'etalb. treaClBg on the Hot and Cold Marhlne-FotroVuRol ftV«*\™A *"*Si„^w^ 
,- Tosetber with Tooia, Dim, tad Machinorv Involveiin Xii« mwnwlacVai'o k.\. "-^ 




iGUE OF GOOD, 



I ft abnple explanntion with reference to wiring Tor direct a.ad ulterautins c 

■■ al prtiidpjB of drop of potential in circuits is shown with lia varlouB applieatloni. 

e dicuit la developed wltb tbe position of inalua, feeders and branches: tbtdr I 
. aa a part of a wiring plan and their employment in house-wlriug daarly JltiiidT 
e simple facte about testing are iocluded in (»miectlon with the wtring. 

~^nduJt work aro given careful con"''* — *" — " — ' — j'~t^i 1~ — ^^, 

I, built up and Illustrated, showing r~r 

- ---■ to shunt and compound womid machines. Tho 

I, t&B development of the snitchboard,. tbe connections of tlie various _ 

18 Including the lightning Brreeter, are also plainly set forth, 
f JUtemathtB current wiring Is treated, with explanations of the power OlcCdt. condi 
'l%>lling for various sixes of wire and a simple war of obtaining tbe sizes for single-phase, 
'^hase and three-phaae circuil^. This la the only complete work 'issued showing and U 
• -Tou what you should know about direct and alternating current wiring. It Is a ready i 
' mce. The work Is free fivm advanced technlcaUtlos and^Biathematics, arithmetic being 

tiiroughout. It is in every respect a handy, well-written, inslructi- ■ ' — 

Tolume on wiring for the wlreman, foreman, contractor, or electrician. 27 
Irations. Price 

BLECTRIC TOY MAKIHG, DYHAMO BUILDING, AHD ELECTR.T'C MOTOR CO 
, STRUCTIOH. By Prof, T. O'Conor Sloane. 

This work treats of the making at home of electrical loys, electrical apparatus, motor 
and instruments in general, and is designed to bring within the reach of young a 
manufacture of genuine and useful electrical appliances. The work Is especially d 
' unaleuts and young folks. 
Thousands of our young people are daily experimenting, and busily engaged In making eleowl 
toys and apparatus of various Idnda, The present work Is just what is wanted to give I 
much needed Infonuatlon In a plain, practical manner, with illustrations to make easy I 
carrying out of the work. lOTh Edition. Price Cl^ 

ELECTRICIAN'S HASDY BOOK. By Prot. T. O'Conoh Sloanr. 

This wark ot 768 pages is intended tor the practical electrician who has to moke thin. 
The entire Held of electricity is covered within its paces. Among someof thesubjects u 
. are; The Theory of the Electric Current and Circuit, Elect ro-C hernial ry, Primary B«tt. 
Storage Batteries, Generation and Utilization of Electric Powers, Alternating Currenl, Ai 

.. — i,.._j.__ r J ^nij Motors. Motor Generators. Operation of the Central "— 

.npliances. Distribution of Electric Light and Power, Btree 
Incandescent Lighting, Electric Measurements, Photometry, 



' |UI« Winding, Dynamos and Motors. Motor Generators^ Of erallon ^of^lhe Central 
RailwaysT Telephony" Bel'l'-wld^El ect ro-Plat inE.'lVcct ricH™ ting" W hiiffis TetewapUT 



know a 



lO useless theory; everything Is to the point. It teaches you Just w 
lUt electricity. It is the standard work published on the subject. 



f""Ki 



^pters, 610 engravings, handsomely bound in ced leather wltt 

ELECTRICITY IN FACTORIES AHD WORKSHOPS, ITS COST AHD CONVEHIEIK 
By Abthur p. Haslau. 

A practical book tor power producers and power users showing what a convenience the eleo 

motor, in its various forms, has become to the modem manufacturer. It also deals with 

conditions wliicli determine the cost of 

of producing and utilizing pon^r. 

Among the chapters contained In the book are: The Direct Currenl Motor; Tho Altemal 

Current Motor: The Starting and Speed Regulation of Electric Motors: """ "-■' 



if Electric Motors: The Cost of Energy as Aflected by Conditions ot Woi 

}r the SmaU Power User; Independent Generating Plants: '^" "~ " ~ 

: Steam Plants; PowerStalion Tariffs; The Use of Electric Powt 



I otWorkiqc,' 
and Gas Enl 
Textile Factoi 



Electric Power In Printhig Works: The Use ot Electric Power In Engineering Wortait 
Miscellaneous Application of Electric Power; The Installation of Electric Motors; The LIghl 
of Industrial Establishments, ')12 pages. Very fully Illustrated. Price . . . . Sfl- 

ELECTRICITY SIMPLIFIED. By Prof. T. O'Conor Sloanb. 

TAeab/ecC of "Electricity SimpUfled" Is to make tbe subject as plain as possible and tod 
•rbat the modem conception ol olectrtdts te*. Mi tfmm bo« two plates of dinerent in* 
mmened in add can sond a message around ttae sYotm-. id 6xtfiM\Ti\iji-ji ■•.'Wiaaa at copper » 
Jiated by a sle&m engine can be tbe agcMVnttA^iU"" ^^ «,««. v..^^\™v.»^.^>*,^ ^ 



.i«-tirir,--ariseMth6£5^ffi^'^^^^^^ 
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[OUSE WmiRG. By TiiOMAa W. Poppe. 

bla work describes and lUustrutes Ibe actual InstallaUon of Electric Light Wiring, the m 

I which tha work should bo done, and the mathod of doing It. The book can bo rtuiven 

__jirrlBd in the pocket. It is Intended Tor the Electrician, Helper &nd Apprentice. 
Olves all Wiring I^blcms. and contains noUiing that conflicts viOi the rulings o? the NatM 
* Bo&rd of Fire Uaderwrllers. It gives just the information essential to the Succe — 
Iripeof a Building. Among the subjects treated are" ' — -.,__. i- »r_^ — r* — . -.*_ 

'Itcheg. Plug Receptacles. Brackets. Ceiling Flit 

ed Wire*. The Steel Armored Cable System. The Flexible I _. 

JUdig OondUlt System. A dlRestof the National Board of Eiro Undanrriters' rules relata 
wi metaUic wiring systems. Various switching arrangements explained and dlagramiM^ 
L'Tbe easiest method of testing the Three and Four-way drcults oipiained. The grounds 
i4f all metallic wiring syBtems and Che reason for doing so shown and explained. The 1 
(nilatlon of the metal parts of lamp flxtures and the reason for the same described ta 
phiEtraled. IZS pages. Fully lUustreted, Flexible cloth. Price 60 caW 

SHOW TO BECOME A SHCCESSFDL ELECTRICIAN. By Prof. T. O'Conor Sloam] 

y young man who wishes to become a succeaiirui elecldolau should reaa this book. It tM 
npie language the surest and easiest way to becoma a successful electrician. The itudj 
: followed, methods of work, field d( operation and the requlromonts of the succaaiiS 
rlclan are pulnled out and fully explained. Ever7 young engineer will Dnd this an al 

^^__jss can be attained. Many young men become discouraged at the very outstart 1) 
ttempthig to read and study books that are far beyond their comprebension. This bM 

' as the connecting link between the rudiments taught in the public schools aprt the ni 

of electricity, it is Inleresthig from coTor to cover. Fifteenth edition. 



lAHAGEMEHT OF DYBAMOS. By LnMMM-pATEB30N, 

handbook of theory and practice. This wo 

vers the elemenlaiy llieory of the dynamo. 

the difFerenl classes of dynamos in common use are desfiribed^ while the third [tart leltl 

such matters as affect the practical management and working ot dynaz — - -— ' — •-' 

le loilowing chaptera are contained in the book: Electrical Units; Mag. ,„ 

leory ot the Dynamo; Armature; Armature in Practice; Field Magnets ; Field Wagnefc. 
»ctice; Regulating Dynamos; Coupling Dynamos; Installation, Running, and "-' 

Dynamos: Faults in Dynrmos; Faults in Armatures; Motors, 292 pages, 
ms. Price 

TAMDAHD ELECTRICAL DICTIOHARY. By T. O'Conob Sloanb. 



,lndls[ 






and include e 



nesslon ot all who desire to keep abreaat tflth the progeeas of this branch of k 
arrangement and typography the book is very convenJont. The word or tern; 
nted m black-faced type which readily catches the eye, while the body of the 
Bller but distinct type. The definitions are woll worded, and si ' ' 
1 non-t«chnieal roader. The general plan se^i"" t" t* '" "Ivb an 

i then amplify and oiplain in a more popuii.. .._.,. _, ^ „ — 

:ee to other words and phrases are made. A very complete and accurate index of n 
tea is at the end of the volume; and as ttils index contaii^ all synonyms, and as all phn" 
I Indexed in every reasonable combination of words, reference to the proper plac- '- 

dy of the book is readily made. It is difficult to decide bow far a book of this c , 

to keep the dictionary form, and to what extant it may assume the ancrtdopedia foH 
r some purpoacs, cooase, exactly worded dellnltioos are needed; for other purposes, IV' 
Hided deacdptlDnfl are required. This book seeks to saHsTy both demands, and doe 
Ih conaSderablB success. Complete, concise, and convenient, 683 pages, """ '" — ' 
ns. Twelfth edition. Price 

"ffiWITCHBOARDS. By William Baxter, Jb. 

Ilia book appals to every engineer and electrician who wants to know the pn 
Unsi. It takes up all sorts and conditions of dynamos, comiections and circu 
f diagram and iliusLration Just how the switchooaiii anouX^ ^>e cam«K\fi^. ^ 
Bd ailBnHWog currenl boariJs, also those for aic \is\i'.iiv»„ ttita^ieacecA. ,»,m 
ieciml tteatmenc on high voltage boards lor powec lta.TiBtciteSaii- ^^n» 
aUMed. Price 
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TELEPHONE COHSTRDCTIOH, IMSTALLATIOM, WIRING, OPERATIOH AI 

.HAIHTEHAMCE. By W. H. Eadcupfe and H. C. Cusai 

I Tbla book gives the principles or coEutnicllanBiidoperatioD of both the Bell and Iiidep«Ddl 
ilnatrunienu; approved motbadB of InstallinH and wiring Chom: the means of prolecCLog tkl 
Ihun llghcnlDg Bjid abnormal currents; tbelr connection together for operation u serial 
'bridging stations; and rutes for their InspecUoo and maintenance^ line wiring and thai 
, lug and operation of special telephone systems are also tceauxl. 



^brlcatfi mathematics are avoided, and aU apparatus, clrcultH and systems are thoroufl 
fliEBcrlbed. The api>end[x contains definitions of units and terms used In th- ' — ■ =~'^^ 
■wiring tables, which are •--■-•-■ ■-- ._-.—.-.. ..-. 



e InatnimentB, Inspection and Ml 

;tonance of Telephone Inatrumants; Telephone Line Wiring; Testing Telephone Line W 
■•ad Cables; Wiring and Operation of Special Telephone Systems, etc. 100 pages, 135 U 
actions 91 

l-WIRELESS TELEGRAPHY AND TELEPHONY SIMPLY EXPLAINB 
By Alfeed p. Morgan. 

This Is undoubtedly one of the m 
ever published, a"-" - "' *■''" 






practice of wireless telegraphy and telephony. 

Among the contents are: Introductory; Wireless Transmission and Recoptioo — ' 
Aerial System. Earth Connections — The Transmitting Apparatus, Spark Colls and Tn 
formers. Condensers, Helines. Spark Gaps. Anchor Gaps. Aerial Switcbes^The Receli 
Apparatus. Detectors, etc. — Tuning and Coupling. Tuning Colls, loose Couplers. Varii 
Condensers, Directive Wave Systems — Mlscellaneoiis Apparatus, Telephone Receii 
Bange of Stations, Static, Interference — Wireless Tolepbones, Sound and Sound Waves, , 
Vocal Cords and Kar^Wlreless Telephones, How Sounds are changed into Electric Wares- 
■Vlreless Telephones, TbeApparatus — Summary. 200pages. ISO engravings. Price fl^ 

►WIRELESSTELEPHONESANDHOWTHEYWORK. By James Erskinb-Mdrr^ 

This work is free from elaborate detalle and 

Wireless Telephones work. It la Intended fo 

of electricity Is sligtit. Chapters contained; uu« no nimi^ uibiuhuu; i iib v^aviHsti 

Sound into Electric Waves; Wheless Transmission; The Production of AUomaling Cur.__ 

ol High Frequency; How the Electric Wares are Radiated and Received: The Recall 

Instruments; Detectors; Achievements and Expectations : Qlossaiy of Technical Wa 

Cloth, Price 11. 

WIRIHG A HOUSE. By Hbrbbbt Prait. 

Shows a house already bulU: tells itint how to start about wlrhii it; where to begin 
Wiie to use; how to run it accordioE to Insuraace Kules: In Fact just tbe Information you DM 
DIractlons apply equally to a shop. Fourth edition 96 eaa 

I 

rACTOBT MANAGEMENT, ETC. 



UODERn MACHIKE SHOP COHSTRDCTIOK, EQUIPUENT ASD UAnAGBHEHI 

By O. E, Perrigo, M.E. 

The only work published that describes the modem machine shop or manufacturliui plant b 
the time tlie grass la growing on the site Intended for It until the Bniabed product iishlpl 
By a careful study of Its thirty-two chspteii the practical man may economlcaU; Dtl 
emciently eijulp, and successfully manage the modem machine shop or maDutacturini M 
ishment. Just the book needed T)y those contemplating the erection of modem shop buut"- 
the re-bullding and re-organltatlon of old ones, or the Introduction of modem shop met 
lime and cost system. It Is a book written and illust rated by a practical shop manfoTpraatl 
hop men who are loo busy to read Ihecnvsanft vjanXJocts. \^.lat^wIna^l complete all aroii 
oak of Its kind ever nutiliahid. U ia a Bracli<;i\\>™V.tQT OTicX\p*\m«aA-tQaj.^«imBBl 
ttB sfiop to Iha president hi tbe office. U to\wiW\J 4ea«ttKa^'iV>i»xi««.,'CQ»TMA.*a 
dj-ot IJisnioslefflcieat tlmeanilcost»SBtfini'j6^,4OTV»Bi. i^t\» '*{ 
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FUEL 
»MBOST10H OF COAL AND THE PHEVEMTION OF SMOKE. By Wm. M. B. 

~ da booii. bas been prepared with special refarence to the generation at heat by Che co 
n of the common fuels found In ttie United states, and deala particularly nlth tbe 
ns necesaary to tbe econamlc and smokeleaa combustion or bituminous coals la Stat 
d Locomotive Steun Boilers. 

le presentation of tliis Important subject Is systeiaatlo and progressive. The arrangei 
tba book is In a s^ea of practical questions to which are appended accurate ansi. 
il<^ describe In lansuage. Iree ftom tecbnicalitles, the several processes Involved In 
iiace cumbUBtlon of American fuels: it clearly states tbe essential requisites for pen, 
nbuBtlon, and points out tbebeat methods for furnace construction for obtolDinfl thesroi 
I quantity of heat from any given quality of coal. Nearly 350 pages, fully lllusIraH 
le* u S1.1 

[OKE PREVEHTIOM AHD FUEL ECONOMY. By Booth and Kerskaw. 

complete treatise far all interested in smoke prevenlion and comhuslion. belni based I 
I Oerman work of Ernst Scbmatolla, but It is mare than a mere translallan of the Genn 
atise, mucb being added. The authors show as brleSy as possible the principles of fl 
abustion, the methods which have been and are at present In use, as well as the pnM 
uillBc metboda for ohtainlne; all the energy In the coal and burnlnE it without smca 
uideiable space is also given to the examination of the waste cases, and several of ( 
mresentatlve Enelish and American mechanical stoker and similar appliances are descrUN 
fie losses carried away m the waste gases are thorouahly analysed and discussed in tbe A 
~~iillx. and alistracta ate ai.io here given of various patents on combustion apparatus, i! 
)k is complete and contains much of value to all who have charge ol Urge plants, U 
tea. lUustrated. Price fS.I 

GAS ENGINES AND GAS i 



JASOLINE EHGINES : THEIR OPERATION, USE AND CARE. By A. Hta! 

rERRit.!.- I 

simplest. Latest and Moat Comprehensive popular work published on Gasoline Eiiu 
Tlbing what tbe CrasoUne engine is; its construction and operation: bow to Instu 
tos^ectlt; how to use It and how to remedytroubles encountered. Intended for owr 
' Users of Gasoline Motors of all kinds. This work fully describes and 1 
■n I.IUI viu-ious types of Gasoline engines used In Motor Boats, Motor Vehicles I 
sloDBTy Work. The parts, accessories and Appliances are described, with ch&pten 
tlon, fuel, lubrication, operation and engine troubles. Special atteolion Is given to 
I, operation and repair of motors with useful Mnts and suggesUons on eaiergeDar. 

_- H and makeshifts, A complete glossary ol technical terms and an alphabeUcaltf 

imsad table of troubles and tbdr symptoms form most valuable and unique features of 
iknuaJ. Nearly every illustration in the book Is original, having been mode by the aut 

rory page is full of interest and value. A book which you cannot afford *- ' '" — * 

Nearly 150 specially made engravings. Price 

[ GAS, GASOLIME, AHD OIL ENGINES. By Gardneb D. Hiacox. I 

L Just Issued, 2Dlh revised and enlarged edition. Every user of a gas engine needs this bod 
' '^pie, instructive, and right up-to-date. The only complete work on tbe subject, Ti 
n about the running and management of gas. gasolme and oil etigines, as designed and msfl 
rOtured In the United States. Explosive motors for stationary, marbie and vehicle power K 
"'y treated, together with Illustrations of their parts and tabulated sizes, also their care U 
.ming are included. Electric lenition by induction coil and jump spark are fully explains 
d Illustrated, including valuable information on the testing tor economy and power and a 
'Wtion of power plants. j 

IS rules and regulations of the Board of Fire Underwriters in regard to the installation M 

It of Easollue motors Is given in full, suggestini the safe Installation of eipIoOH 

. _ .:r, A list of United Stales Patents issued on gas, gasoline, and oil engines and thl 
tsfrom 1S75 to date is included. 4 S4 pages. 4 10 engravhies Price . . . S3.S 

kODEBN GAS ENGINES AND PRODUCES GAS PLANTS. By R. E. Matbot, MJ 
le (or tbe gas engine designer, user, and engineei Vti ttie ■MmsA^'it'Cwio. wSMSJa-o., 'V'wg 
' ■ a of gaa enBnes, Mlota \,\ib.u w" ' ""' 



_ uB»i miuen. but nol one has thus tar even enciDa,c\iea o'a toe %.fc\6. '!01™^^'Jis 
bprs tU Mr. Utthot's work k » pncttcta Kuida. 'ljuaGasiuzat& ^'iia ^>«»- ** * ^™ 



J 



CATALOGUE OF GOOD. PRACTICAL BOOKS' 



le gas engine ia described In del 
iments ot the mechanic. Hel| 

... , care, and opuration farm a a 

17B detaUed iilmlratioos. Price . . . «a, 

iJAS ENGIEIE COnSTRnCTlON, OR HOW TO BUILD A HALF-HORSG-P0W1 
GAS EnOIBB. By Pabsbll and Weed. 

1 princlpiea of Che act 

uia^iBu oiuu i:uu3iiuviiuiiuiabalf'horsepowerGaa E.^ .__ 

il progress, together with the dlmenaioned working drawl 
eiviiiE cieatiy iii^hiie!! ui uik vunDua dataila; lor tbe student, the scientific luvestliator and 

Tnia book treats or the auhject more from the Btandpoint of practice than that of theory, 
principles of operation of Gas Engines are clearly and simply described and then the ■ 

construction of a half-horse power engine is taken np, step by step, showing in detail the mi ^ 

of the Gas En^e. 3(1 Edition. 300 pages. Price S3, 

THE GASOLINE ENGINE ON THE FARM; ITS OPERATION, 

AND USES. By Xeno W. PtrruAM. 

This 13 a practical treatise on the Gasoline and Kerosene engine intended for the man ' 

wants tu know just bow to manage blB engine and how v> apply it to all kinds of farm h 

The book includes Meeting the most suitable engine for farm work. Its most convenient 
etBcient installation, with cliapterH nn troubles, their remedies and how to avoid til 
The care and management of the farm tractor In plowing, harrowine, harvesting and r 
eradlng are Fully covered; also plain directioiu aro given fur handling the tractor on tlie n 
Spedar attention Is given to relieving farm life of its drudgery by applying power to 
diaagreeable amaU tasks wiiich must othernlSD be done by hand. Many homemade < 
trivancea for cutting wood, supplying kitchen, garden and bam with watsr, loading, hau 
and unloading hay. deliverinK grain to the bins or the feed trough are included : also 
directions for maldng the enoine milk the cows, chum, waah, sweep the house and clean 
windows, etc. Very fully Illustrated with drawings of working pans and cuts 8ho» 
Stationary, Portable and Tractor Enginea doing all kinds of farm work. 30O pages. Net 
ISU engravJngB. 12mo. Price CI. 

CHEMISTRY OF GAS MANUFACTURE. By H. M. Rotleb. 
This book covers points likely to arise In the ordinary course of the duties of the englnee 
manager of a eas works not large enough to necessitate the emjiioyment ot a separate cheit 
staff. It treats ot the testing of the raw materials employed in the manufacture of llIuml-_ 
Ing coal gas, and of the gas produced. The preparation of standard solutions is civen as « 
as the chemical and physical examinatioo of gas coal including among its contents — Pit 
rations of Standard Somttons. Coal, Furnaces, Testing and Regulation. Products of < 
bonlzation. Analysis of IJcude Coal Gas. Analysis of Ume. Ammonia. AnalyBh Of Ol 
ot iron. Naphthalene, Analysis of Fire-Bricks and Flre-Clay. Weldom and Spent 0x1 
"■■ and Gas Testing. Carburetted Water Gas. Metropolis Oas, UiscellUM 



Extracts. Useful Tables. 

GEARING AND GAMS 



BEVEL GEAR TABLES. By D. Aq. Enqsthom. 

A book that will at once comm!:nd itself to mechanics and draftsnien. Does away wltb 
the trigonometry and fancy figuring on bevel gears and makes it easy for anyone to la~ "" 
— ... ...__ ..._. _._^. .... ^ 26 full-page tables that show every necessary 



>| gear line, ee pages. . 

CHAHGE GEAR DEVICES. By Oscas E. PEWtiao. 

A practical book for every designer, diaftsman, and meciianic interested in the invention H _ 
development of the devices for feed changes on the rtllTerent machines requiring such mechl 
Jsiri. All the necessary hrformation on this subject Is taken up, analyzed, classifled, OM 
ind concentrated for the use ol buss men who have not the time to eo through the miH 
/ irrelevant matter with which aucti a subiecX ia aauaW^ ftocamlieTOl and select such loH 
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,il fac iiracllcall7 &nr kind uf caia yuu are 

HTDRAULIGS 



fDRAULIC EMGINEERIHG. By Gardner D. Hiacox. i 

treatiae on the propertios. power, and rBaources of water for al) purposeB. Including the I 
^suretuent of slreatns, Cbe Sow uf wixter In pipes or conduits; the horBs-power of falllog 
ter; turbine and impact wator-whccla. wave motors, centrlfij^, reciprocating, and alr- 
• pumps. With 300 Qgures acd diagrams and 36 practical tabBI i 

. who are interested In water-worts development wilJ Bnd this book a useful one. becauH I 
is an entirely practical treatise upon a subject of present importance, and cannot fall in | 
(ring a far-readiicg influence, and for this reason should have a place In the working Ubrary ] 

1 > — ^ng the subjects trealiOd are: Historical^— HydraoUca, Properties of I 

it. d 1 f. Plow from Subsurface orlflces and^ nozzleg; 1 

,.. _. r — — r inds; Dams and Great Storage Eeeervoin: ' 

:y and Town Water Supply: Wells and thefr reenforcement: Air lift methods of raising , 
---: artesian wells: Irrigation of Arid dlatricta: Water Power, Water Wheels; Pumps --^ 



, ICE AND REFRIGERATIOM" 

►CKET BOOK OF REFHIGERATIOS AHD ICE MAKIHG. By A. J. Wallis- 
la Is one ol the \altat and most campTehensIve reterence booba publlalied on the subject ot 

TieeiatlOQ and cold storage. It explains tba piopertlsB and refrlKeratliiE effect of the dinerent 
ids in use, the management of lefilgerating machinery and the construction and insulation 
cold rooias with their required pipe surface for different degrees ot cold: fieeiine mixtures 
i non-freeilng brines, temperatures of cold rooms for all kinds of provisions, cold sloraga 
irges for all classes of goods, ice making and storage of Ice, data and memoranda for constant 
erence by refrigerating engineers, with nearly one hundred tables containing valuable 
erences to every fact and condition required In the Installment and operation ot a refrigersl- 
I plant. liluHtrated. (5th Edition, revised.) Price Sl.fiO 

, PryEHTIOHS— PATENTS 

SraHTOR'S MAHUAL, HOW TO MAKE A PATEBT PAY. 

In perfecthig their Inventiona. taking out their 
any sense a Patent Sollcitor-s Circular, nor B 
emonts of any description appear in the work. 

„ _ , ... ^'9 experience of a successful Inventor, logethar 

ui iiui«a baaed upon the eipcrienco of many other Inventors. 
Qong the subjects treated In this work are: How to Invent. How to Secure a Good 
tent. Value of Good Invention. How to exhibit an Invention. How to Interest 
.pital. How to Estimate the Value of a Patent, Value of Design Patents. Value of 
reign Patents. Value of Small Inventions. Advice on Boiling Patents. Advice on the 
rmation of Stock Companies. Advice on tbe Formation of Limited Liability Companies, 
.vice on Disposing of C5ld Patents. Advice as to Patent Attorneys. Advice aa to Seillng 
TOta . ^Ponns of AssignmenlSj Liceoae and Contracts^ State^Laws Concerning J'at'-' 
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leOO Census of the United States by counties of over 10.000 population. Revised 
ISO pages- Price. Sl-00 



» B ^u<.i.i.,m< innJK siviiig complete aua simpia aicsKviuim lut '^'^""'^.^■\.,;«i,- 
a oraamootai Icaota In comiBOa uae. with (jhB,B>«ta oil aijteto*. v«iai.-™i*' 
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Serving, ate. This book la fully Uluatraled with <, , „ „._. 

which show how eiLCh knot, tie or apllce ]a formed and Its appeanuura when ttnlshed. 
book will be founil of the Brestwt vftlue to Cunpere, Yachtsmen. Travelers. Boy & 
Is fact to anyone having occukin to use or haodle rope or knoba tor any purpose. The 
Is thoroughly reliable and practlcsl and Is not only a guide but a* — "■" ^* '- " 

- - — --.— . X-.--^ji^ 

- „ Rope, Wdght of Bope. 

[ng Rope. Seizing Rope. 3. Ties and Hitd 
lorteningi. Gronuneta and SelvaseS' - . - 



, Fancy Knots and Hope Work. 128 

LATHE WORE 



MODERll AMEHICAH LATHE PRACTICE, By Oscar E. Perhigo. 
Tbl« Is a new book from cover to cover, and the only complete American work on 
written by a man who knows not only how work ought to be done, but who 
how to do It. and how to convey this knowledge to others. It Is strictly up-to-c 
descriptions and IHiistratlonfl, which represent the very latest practice In lathe a: 
mill operations as well as the construction of and latest developments In the n" 
of these Important classes of machine tools. 
Lstbe history and the relations of the Lathe to manufacturing are given : also a daiaip 
or the various devices for Feeds and Thread Cutting mechanisms ITom early efforts In 



nL> 

of La~thca'. IncTuding. as Is usually unda^{o()d!°Eiigine LaUiea. Bench Lathes. Speied 1*6 
Fotge Lathes. Gap Lathes, Pulley Lathes, Formlns Lathes, Multiple 8plndle Latbaa, Ra 
Reduction Lathee, Precision Lathes. Turret Lathes, Special Lathes. Electrically Bti 
Lathes, etc. 424 pages. 314 Illustrations. Price tft 

PRACTICAL METAL TDRHIHG. By JoaBPH G. Hornbr. 

This Important and practical suhjecl Is treated in a full and eshaustlve manner and aotl 
of importance is omitted. The principles and practice and all the dUterent branches of Ti 
inc Bie considered and well illustrated. All the different kinds of Uhucka of usual formi 
' ■■ ' ... mporlant section 



{t practice; Boring b another subject which Is treated fully; 

,1 of informat 



rpresentative tynes. Thread Cutt 



pensable to the manager, enslneer. and maFhInlsI as well as to the student, amataur, 
experimental, man who desires to keep up-to-date. 400 pages, fully iUusliated. Price ft 

TDRHIHG AHD BOEIHG TAPERS. By Fhed H. Colvin. 
There are two ways to turn tapers; the right way and one other. 

the right way; it tells you how to start the work propi—'- ' ■ 

use and how to use them, and forty and one other little , . 

edlllotL 36 < 

LIQTJID AIB 

LIQUID AIR AHD THE LIQUEFACTIOH OF GASES. By T. O'Conor Sloane. 

This book gives the history of the theory, discovery, and manuActure of Liquid Air, ■ 
Eoatains an illustiated description of all the experlmeots that have excited the wonder 
audiences all over the country. It shows how nnuld sir. tike water. Is carried hundreds 
miles and is handled In open buckets. It tells what may be expected 

A book that reudera simple one ol the mo* ipeY^leitat chemical problems of the eeDtiM 
Startllag developments Illustrated ty ^°^"='\*^^P'rtvS'\ 



- - ..w. only a work of sclentiac talereBl ind avivlioi^Vj . 
>ing wrJiien In a popular style— caails \ui4BTsi.a»» 

«« PrioB . . 
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LOCOMOTIVE ENGINEERING 



AZR-BRAEE CATECHISM. By Eobbst H. Blacxma., | 

This book Is a Btsndard text book. It covers tbe Weglingboiue Air-Brake Equipment, h 
cludinK the No. 5 anil the No. E. T Locomotive SisKe Equipment: tbe K (qulck-Servlol 

Triple Valve lor Freight Service; and the CroBs-CompouDd I*utnp. The open ■' " " ' 

... ., ..._ i_ — 1,1 — H f„ M..,^.% ._j ^ piBclfcal vtay •' *■— " — "—'- ■ 



detects, with a proper remedy, la given. It contalae 2.1X10 questions with their answMl 
•rhlch will enable any railroad man to pass ahy examination on the subject of Air firakg 
Endorsed and used by air-brake InstruclorB and examiners on nearly every railroad in tn 
United States. 2E1^ Edition. SGO pages. lully illustrated with folding plates and <Ui 
Krams 03. 0^ 

ItMERICAH COMPOUMD LOCOMOTIVES. By Fbbb. H. Colvin. 

|n>e only book on compounds (or the enElneman or shopman that shows hi a plain. praelkJ 
mrny the various features of compound locomotives In use. Shows bow the; are made, vbd 
ia do when tbey break down or balk. Contains sections as follows: — A Bit of History. TM 
Dry of Compounding Steam Cylinders. Baldwin Two-Cylinder Compound. Pittsburg TWI 
Cylinder Compound. Rhode Island Compound. Richmond Compound. Rogers CompoiUM 
Schenectady Two-Oylinder Compound. Vauclain Compound. Tandem Compounds. Bald 
win Tandem. The Calvln-Wlghtman Tandem. Schenectady Tandem. Balanced Load 
Baldwin Balanced Compound. Plans for Balancing. Locating Blows "—■ -^ 



Stocomotlves. Practical Noti 
Wull? illustrated 
ptir different type 



Valves. Drifting. Valve Motion. Disconnecting. Power of Compoul 



containing ten special "Duotone" inserts on heavy Plate Paper, a 
r. j_ ii5 pages. Price S 



Ji practical book. Conialna special chapters on GenenitloD of Highly Supeiheated SlMql 

Buperheated Steam and the Two-Cylinder Simple Enghie; Compoundloa and Superbeatld 
■" — ■ — "T Locomotive Superheaters: " — ■ — ■'■■" "'■■"■'- "' ' " — ■-' — ni.ia 



Superheated Steam; Experimental and Working Results. Illustrated with folding 
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COMBUSTION OF COAL AND THE PREVENTION OF SMOE* 
By Wm. M. Barr. | 

This book has been prepared with Hpedal reference to the generation of heat by the comboi 
tlon of tbe common fuels found In the United States, anif deals particularly with the Coil3 
tlona necessary to the economic and smokeless combustion of bituminous coal in Statlonifl 
and Locomotive Steam Boilers. 1 

The presentation of this Important subject is systematic and progressive. The arntngemM 
of the book la la a series of practical qneetlons to which are appended accurate anaweH 
-which describe In language, free from technicalities, the several processes Involved In ta 
Jumace combustion of American fuels ; it clearly states tbe essential requisites for perM 
^ombuatloQ. and points out the best methods of furnace construction tor obtaining a| 
iMTGELtcBt quantity of heat h-om any given quality of coal. Nearly 360 pages, fully lUustrBtai 

iwoo f irsj 

ll>IABT OF A ROUND HOUSE FOREMAN. By T. S. Reillt . ] 

FtMbIs the greatest book of railroad experiences ever published. Containing a fundof InM 
' nation and suggestions along the line of handling men, organizing, etc., Uiat one cannot Bffoq 
fto miss. 176 pages. Price Sl.W 

ilHIE MOTIONS, VALVES ABD VALVE SETTIMG. By Fred H. Colvin, Assoeia| 
I Sditor of "American Machinist." 

[a bandy book for the engineer or machinist that clears up the mysteries ot valve settlBI 
^KiDWB tne dilterent valve gears in use, how they work, and why. Piston and slide valii 
njf different types are lllustcaled and explained. A book that every railroad mau in the ml 
Mrs DOwer department ought to have. Contains chapters on Locomotive L.(nk UfAW 
Kjvs Movements. Setthig Slide Valves. Analysis by B\aet&n\B, ^qAi^itl ¥n^S>:b. ^^ 
Heck, Blide ValrsB, Piston Valves, Betting Piston Va\vea. los-UNjMiNvVife ^!™-^,™2S 
BWra Oear, Goocb VaJve Gear, Atfree-BubbeH Va.\va Oeat, avt-, w.i- ^-^1 ]i^ 
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LOCOMOTIVE BOILER COHSTRDCTIOH. By Frank A. Klein 

;5*" conwruetion ot boileri in general Is treated. »Dd lollowlng Ihis, the 
.A taken up In (he orcler In wblcb Us various pans go liirouih Ibe shop. Bbows all tTlKl 
(BOAen used: eIvbb delails ol constnictloD ; practical (acts, such as life of riveting. puBC 
rMd dies: work done pet day, allowance (or bending and UanglnB sbeeta, and othEi data. 
tiliOComotlvG boilers present more difficulty In iafiiiK out and building than aaj other IT 

iSild (or this reaeon the author uses them as examples. Anyone who can h---"- ■"■ 

i.fBCkle any 1 blue. 

Contains chapters on Laying Out Work: Flanging and Forging; Punching; _. 

Ranlng; Geoeral Tablts; Flnlshine Parts; Bendine: Mactiinriy Fans: Riveting: I 
SeUila: Smoke Box Details: Assembling and Calking: Boiler Shop Machineiy, etc.. et_ 
There isn't a man who has anylhliuE to do with boiler work, either new or repair work, I 

. doean't need this book. The manufacturer, supermtendent. fr — ■ ' — "— ■" 

all need it. No matter what the type ot boiler, you'll And a u. „ ._. ^ 

wouldn't be without. Over 400 pages, Ave large folding plates. Price 93, 

LOCOMOTIVE BREABa)OWBS AHD THEIR REMEDIES. By Geo. L. Fowi; 

EeviBed by Wu. W. Wood, Air-Brake Instructor. Juet JBsued. Revised poei 

edition. 

It Is out of the question to try and tell you about every subject that Is covered In t 

edition o( Locomotive Breakdowns. Just Imagine all the common troubles that a: 

nay expect to happen some time, aod Ihen add all of the unexpected o — ' '~~ 

occur, but that you had Qaver thought about, and you will And "— " 
the very best oiethods of repair, Walschaen Luconiotive t 
Headlight Troubles, as well as Creations and Ansnera on the Air dihilc bh 
pages. 7th Revised Edition. Vully illustrated 

. LOCOMOTIVE CATECHISM. By Robert Gbiushaw. 

'The revised edition of "Locomotive Catechism," by Robert Grlmahaw, la _ 

' Cover to Cover. It contalos twice as maoy pages and double the number of llluitnt 
Of previous ediliona. Includes [lie greatest amount d{ practical information ever pubtir' 
on the construction aod management of modem locomolives. Specially Prepared chat 
I on the Waischaert Locomotive Valve Gear, the Air Brake Equiomenl and the Electric t 
Light are given. 

It commebda Itself at once to every Engineer and Fireman, and to all who are goins in 
examination or promotion. In plam language, with full complete answers, not r""'" -" 
questions asked by the examining enghieer are given, but those which tbe you 
experienced would ask the veteran, and which old hands ask as "stickers." It Is 
Encyclopedia of the Locomotive. Is entirely free from mathematics, easily undi 
tboroughly up-to-dale. Contains over 5,000 Examination Questions with IbE 
825 pages, 437 illuslrMloDS and three folding plates. 2Slb Revised Edition. . 

PRACTICAL INSTRUCTOR AND REFERENCE BOOK FOR LOCOMOTl 
FIREMEN AND ENGINEERS. By Chas. F. Lockhakt. 

An enth-ely new book on the Locomotive. It appeals t« every railroad man, aa It teDi 
how (iblnga are done and the rlijht way to do them. Written by a man who haa had 
of practical experience in locomotive shops and on the road Qrlng and running. The i 
matlon given In this book cannot be found In any other similar treatise. KIght buDdrei 
flfty-ono questions with their answers are included, which will prove specially heliil._ 
those preparing for eKaminatlon, Practical Information on: The Construction and qn 
tlon of Locomotives. Breakdowns and their Remedies: Air Brakes and Valva Ga 
Bulea and Signals are handled in a thorough manner. As a book of reference It canno' 
excelled. The book ir divided into six parts, as fallows: 1. Tbe Fireman's I>utle«, 
General description of tbe Locomotive, 3, Breakdowns and their Remedies. 4. Air Bn 

c 17-. — .„ . o. — J — 1 D..i„ = j^ — ,1 — ., fg^ examination. Tbe 861 queatlotu t 

ET the examlnatlona required by the dlfle 






railroads. 36S pages. 88 illustrations. Price 

PREVENTION OF RAILROAD ACCIDENTS, OR SAFETY IN RAILROADIS 

By George Bbadshaw. 

This book Is a heart-to-heart talk with Railroad Employees, dealing with htcta, not 11 
Hid abowtng tbe men in tbe ranks, from ovets-Aa-s ettieneoee.^uvn wsMeiits occur ai 
bey may be avoided. The liook is inuatratod-wV-tvaBvetn^ oiX^iai ■^w*»:vb"o» mbS 
Jfs showing the safe and unsafe methoda a\ wort. ^° ^J'J^^^H.^^^^^S.tS 
*lB/«in Acts and PrantlcRl SuMestlona weeWen. ¥.-iei-at*'tewA«aiBVi-,w..-.f«i« 
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Is 3 better and safer man to have in r&Ilroad service. It gives just the intoToxattod 
I will be tbe means or preveottng niaQy ioiuiiea and deaths. All railroad employeS 

fTOcure a copy, read it, and do your part In preventliig occldonCa. iflB pages. PocM 
ully Illustrated. Price 60 ctaS 

FRAIH RULE EXAMIHATIOMS MADE EAST. By G. E. Collinqwood. | 

This Is the only practical work on train-rules In priDt. Every detail Is covered, and puzzllol 
3oiiita are explained in simple, comprehensive language, making it a practical tTeatlBebl 
•Jie Train Dispatcher, EngiQeman, Trainman, and all others who ha"e to do with the movf 
netitB or trains. Contains complete and reliable information of tae standard Code of Tr«|l 
Allies for single track. Shows Signals Id Oolora, as used on the dlHereot roads. ExplaliM 
'ully the practical application of traJn orders, giving a clear and definite understanding of U 
irders which may be used. The meaning and neceesity for certain rules are explained U 
iiiati a manner that the student may know beyond a doubt the rights conferred imder ui| 
irdars be may receive or the action required by certain rules. 

Kb nearly all roads retiutre trainmen to pass regulaj- examinations, a complete set of examliia> 
don questions, with their answers, arc included. These nilt enable the student to pass thl 
■equired eiamlnationa with credit to himself and the road for which he works. 258 psBM 
J'uUr Illustrated with Train Signals In colors. Price Cl.H 

>r wheH 



TRAIN RULES ADD DESPATCHIHG. By H. A. Dai,bt. 

Svery railroad man, no matter what department he's in. needs a copy of this book. II glni 

he standard rules for both single and double track, s" " ■'-- -' — ' ■■•■ —' ■— 

iver necessary, anil lias a list of towns where time d _ „.„, ..„ 

muntry. The rules are explained wherever there is any douht about their m = „, . 

hey are modified by different railroads. It's the only practical book on train rules In prink 
3ver 320 pages. Leather cover. Price Sl.Bfl 

THE WALSCHAERT AKD OTHER HODERfi RADIAL VALVE GEARS FOS 
:,OC0M0TIVES. By Wm. W. Wood. 

It you would thoroughly understand the Walschaert Valve Gear you should possess a cop| 
If Ibis book, as the author takes the plainest form of a steam engine — a stationary engine U 
Ae rough, that wIU only turn Its crank In one direction — and from It builds up — with iS 
■BBder's help — ^a modern locomotive equipped with the Walschaert Valve Gear, complBf* 
rtiQ points discussed are clearly llliistratod : two large folding plates that show the positlo 
if the valves of both inside or outside admission typo, as. well as the links and other parts 
•he gear when the crank is at nine different points in its revolution, are espedally valur*" 

n making the movement clear. These employ sliding cardboard models —'-'-' ■ 

n a pocket In the cover. 

rho book Is divided into five general divisions, as follows: I. Analysis of the gear. II. 

aalng and erecting tho gear. III. Advantages of the gear. IV. Questions and am 
ating to the Walschaert Valve Gear. V. Setting valves with the Walschaert Valve ( 
Ihs three primary typos of locomotive valve motion: modem radial valve gears other 

he Walschaert: the Hoiiart All-f ■ -" -' — '"■ ' -■ 

ireakdowns: the Baker-Pllliod v 
[uestions and ai ... 

pie questions w 
I preparing for 



•Vritten by a ., „ 

lioroughly. Everything about the New WestmRhouse Engine and Tender E._._ „.,„„ 
riBiit, including the Standard No. 5 and the Perfected No. 6 Style of brake, Is treated In di 
BlL Written In plain English and piofusely Illustrated with Colored Plates, which ensb 
■no to trace the now of pressures throughout the entire equipment. The best book on 
'ubiished on the Air Brake. Equally good for the beginner and the advanced engine 
Vili pass any one through any examination. It informs and enlightens you on everj poll 
ndispensable to every enelneman and trahiman. 



t^ioJoMiJoUB fioj^. JYice 



popy or this book. It covera every flelall, Ua'Ua M ■BiB.>tB v 



CATALOGUE OF GOOD. PRACTICAL 



MACHINE SHOP PRACTICE 



^mstlcBi or experimental dsrleal 

,.,, „^ — , „-_-, jocatalMuecuts. but a vnluabU 

tlon or drawlngB and dcsciiiitlons of devices, the rich Triilta of the author's own i 
In its 500-odd pages the one subject only. Tool Making, and whatever rolates __ 
deall with. The work BtandB without a rival. It Is a, complete practical treacias 
art of American Tool Making and aymem of interchanges hie manuracturing -- - 
to-day in ttie United States. In it are described and illustratad all of the <• 

and dasaea of smaij tools, Oitures, devices, and special appliances which are „ 

in all machine manufacturing and metal worldng establiHUinenta where eoooomy, ^ 
and Interchangeabllity in the production of machined met4l parte are Imperatli 
science of jig making Is oihauatlvely discussed, and particular attention Is paid ta I 
boring, proCQing and milling Sxtures and other devfcea la which the parts to be D 
are located and fastened within the contrivances. All of the tools. Situres, and 
iliUHtrated and deacribed have been or are used for the actual productif 

tt metal articJi 



HEHLEY'S EBCYCLOPEDIA OF PRACTICAL EKGIHEERIHG AMD i 
TRADES. Edited by Joseph G. Hohneb, A,M,I., M,E. 

This set of Sie volumes contains about 2,500 panes with thousands of iltustrallons, l__ 
dlaerammatie and sectional drawings with full explanatory details. This work an 
entire practice of Civil and Mechanical EngineerlnE. The best Iinowii expert In at' *" 
of engineering have contributed to these volumes. The Cyclopedia Is admirably wi_ ,^ 
to the needs of the bednner and the sel(-tauglit practical man, as well as the mectuu 
glneer, designer, draftsman, shop superintendent, foreman, and mat^tnlst. The work 
lound a means of advaucemeat to kny prosresslve man. It la encjclopedic in scope, (I 

and practical In Its treatment of technical subjects, simple and clear in Its descriptlva 
and without unnecessary lecbnlcalllies or fonnulae. The articles are as brief as may 

K[ give a reasonably clear and eipiiclt statement of the subject, and are written by il 
ve had ample practical experience in the matters of which they write. It letls you 
want In knnw ahnui pnelnwrltiB and teils it SO Simply, so clearly, so concisely, that on» 
if reference it is without a peer. 86.00 per volum 



This is an arithmetic of »-.(-- .- — -, . .. 

to find areas of figures; how to find surface or volume of bails 

calculating; about compound gearing; cutting screw threads on , . 

speeds o( drills, taps, emery wheels, grindstones, mfiline cutters, etc.: all about iho 



o figuring and 1,001 other things, any 
■luiui uuBii' Lu ur nuiiii i,>ui[^ L„au —^ ,>,,u; ^,1. „his book to you, and it saves you the : 
I of bolbermg the boss. 6tb Edition. 131 pages. Price S( 

f MODERH MACHIHE SHOP COnSTRDCTIOH, EQUIPMENT AHD MAHAGEl 

I By OscAB E. Pbbrigo. 

The only work published that describes the Modem Machine Shop ( 

tne time the grass Is growing on the site intended for It until the , 

Just the book needed by those contemplating the erection of modem shop buildings. 

I buUding and reorganization of old ones, or the introduction of .Modem Shop Methods.)'' 
cost systems. It Is a book written and Uluslrated by a practical shop man for practl_ 
men who are too busy to read theories and want facts. Jl is the most complete ali- 

I book of its khid ever published. 400 hirge quarto pages. 22a original and speciall; 
illustrations. Price 

MECHAHICAL APPLIAHCES, MECHAHICAL MOVEMEHTS AMD HOVH 
OF COnSTRUCTlOS. By OwtosES D. Hiscox. 

This ia a ai;pplementary volume lo l\>e one >iv*n met'iaTiDiV movements. CnlUu 
rolume, whfcli is more elementary in chataraftt.tt™ ™'™^'i^'-»;™''«^«-™5aaM 
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wing its working parta and tbe metbod of oiieratlon. From tlie multilude of deTlcea de- 
bed, sod Illustrated, might be mentJooed, In passing, such items as conveyi™ nnii oiBiainri 
ny brakes, thermometers.] varioiis types i« boilerfl. solar engines, oil-fuel bi 
poratora, Corliaa and other Talvn irnttm. imupmnro nm pnirinps. wntpr 
;rlptii}[i9, air ships, moCora and 

uls. csr couplers, link and gear 1mu^<v<>^, fox ^»i.u>9, m<»u. ..,uu> iu<:..>.au.a,u .^, 
a, and a large accumulation ot others or equal Importance. 1,000 apeciallr made ei 



cs.eo 



KHAMICAL MOVEMEHTS, POWERS, AHD DEVICES. By Gabdnbb D. Hiscoi. 

a Is a caUectloh ot l.SSU eneravlnes of different mechanical motions and appliances, accom- 
led by appropriate teit. making ii a book of great value to (he Inventor, the draftsman. 



11 readers with mechanical tastes. The book is divided intc 

n which tbe subject matter isda^illed under (he foUowlnghead.. 

ilon of Power: Measurement of Power Steam Power: Air Power Appll 



ivlgatlon and RoaJa: Gearing; Motion and Devices; ControlliDg 

" ' " " nces; CorulnicllDn and Devices; 

400 octavo pages. Price 813. GO 

CHIHE SHOP TOOLS ABD SHOP PRACTICE. By W. H. Vandbrvoort. 

toll of SS5 pages and 673 illuEtrations, descrlhlne in every detail the coQe 
'manipulation of both hand and machine tools. Includes chapters oi 
Alne surfaces; on drills, reamers, laps, and dies; tbe lathe and Us tools; plai 

their lools: milling machines and cutters: gear cutters and gear cutting; drill „ _ 

drill work; Erindine machines and their work; hardenlneand tempering; gearing, belting 
Iransmission machinery: useful data and tables. 6th edition. Price .... S3. 00 

E MODERN MACHINIST. By Jobn T. Usher. 

i is a book showing, by plain description and by profuse engravinES. made expressly foi 
work, all (hat is best, most advanced, and of the highest efflciency in modem mscbine 
:> practice, tools, and Implements, showing the way by which and through which, as Mr. 
:im says, "Amorican machhilBls have become and are the finest mechanics In the world." 
Icallng as it does. In every line, the familiarity of the author with every detail of dally 
^jience in the shop, it cannot fall to ba Of service to any man practically ■Connected with 
shaping or Bnlshing of metals. 

TQ IB nothing experimental or visionary about (he book, all devices being In actual usa 
givlzu: good results. It might be called a compendium of shop methods, showing a varl- 
ot special tools and appliances which will give new Ideas to many mechanics, from the 
^ilntendent dOAH to tbe man at the bench. It will bo found a valuable addition to any 
Jiinlsl's library, and should be consulted whenever a new or difHcult job la to ba done, 
tberlt Is boring, milling, turning, or planing, as they are all treated in a practical manner, 
h Edition. 320 pages. 250 illustrations. Price ... tB.BQ 

DERN MILLING MACHINES: THEIR DESIGN, CONSTRaCTIOH AND OPERA- 

>B. By JOBEPH G. Hor.ner. 

I book describees and illu.stralea the Milling Machine and Its work In such a plain, clear. 

lorcelul manner, and llluBtratea the subject so clearly and completely, that the up-to-date 
Jitniat. student, or mechanical engineer cannot afford to do without the valuable Infor- 
kin which It contains. It describes not only the early machines of this class, but notes 
r gradual development Into the splendid machines ot the present day, giving the desiKn 

construction of the various types, forms, and special features produced by prominent 
lufaelurers. American and forekn. 
Ing cutters In all their development and modernised Forms are illustrated and described, 

the operations they are capable ot producing upon different classes of work are carefully 
irlbed in detail, and the speeds and feeds necessary are discussed, and valuable and useful 

1 given for deWrminlng these usually pe— '~' ^' -^.-- t __..._ ., . 

sive work published on the subject. 30 

HOP £INKS." By Robdrt Grimshaw. 

-Ook of 400 pages and 222 illustrations, being entirely different froifl any other traok oi 
!hlne shop ptactlce. Departing from conventional style, the author avoids universal o: 



iply and more rapidly than usual. As a result the advanced methods of represent atlve 
...._, ._ _. ., ij ._g pi^ppi] J- -■-- j= ■ -■ J— •^•-'- ..--1- -. .^- 



S special ways of doing things bi 
!t the adv -■ — -'— '- -■ — 



prielor where laree savings are possible, and hgw producls uai '^ 
}loyee it holds out aiiggestJons that, properly appVled, wffl Yiafteo 'n^■ 
p can afford to be wllhout It. It bristles with valuaWei wrtn^tea b.ti 
'III benent all. from apprentice to proprietor. EvBtj maChinte*, . aX 



properly appVted, «ffi Yiaften. 1v\b ??':?*?^^S™ii«v^ 
Isllea with valuaWe. wrtn^tea "^^ '"^'■■^'^^^^^ 
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THREADS ABD THREAD CUTTING. By Colvin j 
" ■ mysteries ot Ihread -cut ling, si 

eiie. uee of bobs. r-ic. Cantain: 

TOOLS FOR MACHINISTS AHD WOOD WORKERS, IHCLUDIHG IHSTRUMEH 
OF UEASDREUENT. By Joseph G. Hokner. 

Tlie prlndples upon which cutting tools for wood, metal, und othei substances are mad 
identical, whetber used by ttie machinist, the carpenter, or by^Htiy ottier skilled rn«<-h«i 
their daily work, and the object o[ thiK book is to give a correct and practical descrlptln 
these tools &s they are commonly desished, constructed, and used. 340 pSiges. fully Ulustig 
Price ta 

MANUAL TRAPmfG 

ECONOMICS OF MANUAL TRAINING. By Loois Rodillion. 

^The only book published Ihat gives just the Information needed by aU intere 
' Training, regarding Buildings, Equipment, and Buppliea. Shows exactly whs 
|«ll grades of the work from the KlnderEarten to the High and Normal Schoo 
,'lie<r lists of everything used in Manual Training Work and tells Just what it — „. 

' Also shows where lo buy supplies, etc Contains 174 pages, and is fully L 

iJhid Edition. Price »L 

MARINE ENGINEERING 

. HARIKE ENGINES AlfD BOILERS, THEIR DESIGN AND CONSTRUCTION. 

Da. 0. Baubb, Leslie S. Robbbtbon, and S. Bryan Donkis. 
' j£a the words of Dr. Bauer, tbe pres^at wbrk owes Us orlgla to an oft tell waht ot a CohdM 

'Treatise, embodying the Theoreiical and Practical Rules used in Designing Marine End 
wad Boilers. The need for such a work has been felt by must engineers engaged in Itaa ■ 
itruction and working of Marine Engines, not only by the younger men, but also by tt 
greater experience. The Fact that the arlginai German work was written by the chits et 



„ J Works, Blettin, la in ilselt a gimrantee that this book ia 

thoroughly up-to-date, and that it embodies all the information which is mjcessary 

design and construction of the highest types -' ■ ' -" ■— ■' — '■ ' 

that the motive power which Dr. Bauer has , ..._ — . 

turned out of late years from the Stettin Works. reprEsEnt the very best practice 
engineering ot the present day. 
This work Is clearly written, thoroughly systematic, theoretically sound: while the (dun 
ot its plans, drawings, tables, and stalbtk:s is without reproach. The iliustratfona are i 
ful reproductions from actual worldiiK drawings, with some well-executed photoea^phlc i 
of completed engines and boilers. 744 pages. GGO UluBtrationa and numerous tables. 

«9.00 
MODERN SUBMARINE CHART. 
A cross-section view, showing clearly and distinctly all the Interior ot a SubroarinB at 



[jcessary liac 
kctice In mw 



.tlon from this chart, about the construcUon and operai 



Of a Submarine, tlmn In any other way. No Details omitted — everything Is . 

scale. It is absolutely correct in every detail, having been approved by Nt . _. , 

All the machinery and devices fitted In a modem Submarine Boat are shown and to make 



coKravlDg more readily understood all the features are shown In operative form with 

and Men in the act of porforraing the duties assigned to thero In eervit — ~" 

CHART IS REALLY AN ENOVcLOPEDIA OP A StJBMABINE. 



'forming the duties assigned to them In service conditions. 

_ -J ENOVcLOPEDIA OP A "■'" '" - ■ ■ " 

'orth many times its cost. Mailed In a Tube fi 



ORE DEPOSITS, WITH A CHAPTER ON HINTS TO PROSPECTORS. By J. 
JOBf/SOfi 



rhiB book sives a condensed account o! tt»e i)ie-4wiQso.H «. ow 
( Is also intended as a guide lo tte P«>3P««w>'-. _iJ?^?.*T>J:i?! 
id Borne mfnln« eiperienco are neceaaat? 
otiflcsCJons, it will materlMly aasiBl ooo it 
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blUtlBS Of aay he may Und. 

Among the chapters given a. . _ . . 

Ber — Co bB 1 1 — Tfii — Moi y bdenum — Tuneal en — Lead — Merci 
yroapeclora. 



,, , ^^ , ^...ative data which will render hira vaLuabJe afiaisl 

. studies. The only work ot Its kind publiabed. The iDfarmatlon incorporated h 
)VB o( the Kteateat practical utility to atudents. mining eowneeiB, colliery managi 
others who are s^iecially Inlerealed In ttie present-day treatment ol mining probi 
nons its contents are chapters on: The Atmosphere; laws Relstlne to the Behavii 

,_sea; The Diffusion of Gases; Composition of the Atmosphere: Sundrj Cons'-' • — 

.tmoaphere; Water; Carbon; Fu-e-Damp; Combustion; Coal Dust and ItE 
vidosives; Composition of Various Coals and Fuels; Methods of AnalyslB of Coai: oiisu 
l>lnine the Coal Measures; ^laenetism and Blectilcity; Appendix; Useful Tables, i 
Ilacellaneous Questions. 160 pages. Illustrated 92 

lACnCAL COAL MHiraG. Rv T H rnnrTj. 
Important work, containing 4 
,_ _f_L _-.. ijituHively linpai 



1 tnlnlne, but a 

nine operator, superlu id all ot 

with the industry, 2 ... 

PATTERN MAKING 



WtACTICAL PATTERH MAKING. By F. W. 
nils Is a very complete and entirely practical treatise on the subject of pattern maldng, D 



t pattern making. 



d metal. From ita pages you are taught Just what you 
■ tafied descrlptloQ of the materlala l 



^ — , ^]so the tools, botih those for hand use, and the more intereatiiiK ir 

: having complete chapters on the band saw. The BoziSaw, and the Lathe. Ind 
(, _ j.» . i.i_j g fully Illustrated and deacribed, and the moun 



itel pattcmB on plates^ for molding^inachines^ 



LLdas and Tables are Included, containing simple and original methods for fl] 
weight of castings, both from tho pattern Itself and from tlie drawings. This se 
'-■-" some new and practical formulas, which will be found very usrful In estlm 
with the accuracy required for quotations to prospective customers. All of 
5 are simple, and can be put to practical use by the ordinary, evcry-day man. and 
D been proved by years of actual use. 

a rules for keeping down the cost of patterns, with a complete system for cheddns 
of and marking the pattern.^, and a card record showing what Che patten Is, maUj 

n original and practical n 



i 150 detailed Ulnstrations. Price . 

FERFTTMERT 



•S TWEHTIETH CEHTUBY BOOK OF RECEIPTS, FORMULAS AND P 

Edited by G. D, Hiacox. 

Receipt Book published. 



,0 tho perfumer, a 



AND THEIR PREPARATION. By G. 

coraprBhensive treatise. In which there has been nothing omltt 

the Perfumer. Complete directions for making handkerchief (lenuiiiea, Hmitu.n^-va 
shets, fumigating pastilles: preparations for the care ol tbe sWvi, *.>». n«M'Oiv,'CtiaJak-K, 
itios, hair dyes and oilier lodet arlielea are given, ateo a del,a\\^ asacets^wro. ^^«2 
tutasces: their nature, testa of purity, and wbo\eEi.\e m&'nulB.cVo.TO. h- ^^'Ji.S™ 
iniaas professional Inlereal. meeting the vfantB not onVs ot tba itMi^W. »^-9™-™ 

stator, but aim o/ the «eneral pubJio, "XhizA edlttoa, au vav^- Vi»««**™- 
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PLUMBING 
MECHANICAL DRAWING FOR PLUMBERS. By R. M. Stakbuck. 

A concise, comprcbcntilTe and practical treaUse OD the subject ol mechanical drawins In 
various modern apjillcattonB to the work of all who are In any waj connecled wub I 
plumblug trade. Nothlii); will hi help the plumber In estlmaClnK and In explaining w ' 

ousUjmera and workmon as a knowledtse of drawing, and to the workman It ih of InestJ ^ 

value If he U to rise above his position lo positions of greater reaponsiblllty. Among 
chapters contained are; 1. Value to plumber of knowledge of drawing; tools reqot 
nndthelruse: common views needed Inmechanicnl drawing, 2. Ferapectlve versus mMiu 
leal drawing In showlDg plumbing construction, 3. Correct and incorrect method! 
plumbing drawing; plan and elevation explained. 3, Floor and cellar plans and e^ — ■''' 
scale drawings; use of triangles. 5. Use of trlanglpa; drawing of fitfings, (rape. 



Drawing plumbing elevations and fittings. T. Inslructlona In drawing plumbing Blevat 

8. The drawing of plumbing fixtures: scale drawings. 9. Drawing oi flxlures and fitlll 
ID. Inking of drawings. II. Bhsdlng of drawings. 12. Shading of drawings, 13. t 
tlonal drawings; drawing of threads. 14. Plumbing elevations from arcbltect'B id 
15, Elevations of separate parts of the plumbing Bystem. 16. Elevationa trona anAlta 
plans. 17, Drawing of detail plumbing coimectTons. IS. Architect's plans and plumll 
elevations of rOBldence. 19. Plumbing elevations of residence (continued); plumbing^ 
for cottage, 20, Plumbing elevations; roof connections. 31. Plans and plumbing as 
tlons for six-flat buUdine. 22. Drawing of various parts of the plumbing system; 
- ■-- 23, Use ot architect's acalee. 24, Special featurea Ir "-- '" "-- — " 



26. Draw 

. . »1. 



d States Government, in lis sanitary work In Cuba, 1 

, the PhfllDDincs. and b ' ■ ■ - - ■ 

Canada. 

It gIvoB connectlona, sizes and working data for all flxtiirca and groups of Qxtures. I 
helpful to tlie master plumber In demonstrating to bis customers and In figuring wnrlc. 
gives the mechanic and student quick and eos.v access to the beet modem plumbms prar^ 
Suggestions for eatlmating plumbing construction are contained in Its pages. TEIb I 
represents, in a word, the latest and beet up-to-date practice, and should be in the ham 
every architect, sanitary engineer and plumber who wishes to keep himself up to the ml 
on this important feature of construction. Contains foUowIng chapters, each "ii'«" 
with a full-page plate; Kitchen sink, laundry tubs, vegetable wash sink: lavatol 
pantry slnkB, contents of marble slabs; bath tub. foot and sltz bath, shower bath: wi 
closets, venting of water closets: low-down water closets, water closets operated by f^ 
valves, water closet range; slop sink, urinals, the bidet; hotel and restaurant shik, gi 
trap; reMgerators, sate wastes, laundry waste; lines of refrigerators, bar sinks, soda I 
tain sinks; horse stall, frost-proof water closets; connections for B traps, venting: a 
noctlons for drum traps; soil pipe connections; supporting of soQ pipe; main trni i 
fresh air inlet; floor drains and cellar drains, subsoil drainage: water closets and fli 
connections; local venting: connections for bathrooms; connections tor bath rooms. — ^ 
ttnued: connections for bath rooms, continued: connections for bath rooms, contln 
examples of poor practice; roughlng-work ready for test; testing ot plumbing sm 
method of continuous venting ; continuous venting for two-floor work: continuous vo 
for two lines of flitures on three or more floors ; continuous venting of wal«r cloBota; pit 

lug for cottage house; construction for collar piping: plumbing for resldencr • — 

flttings; plumbing for two-flat house: plumbing for apartment building; 
double apartment building; plumbing for office building; plumbing for pu*-' 
plumbing for public toUot rooms, continued: plumbing for liath establlsl 
for engine house, factory plumbing; automatic flushinglbr schools, factonoa, ■ 
flushing valves; urinals tor public toilet rooms; the Durham system, the de 
pipes by electrolysis; construction of work without use of lead; Automatic 

automatic sump tank: country plumbing ; construction of cesspools: septic tan 

matic sewage siphon: country plumbing: water supply for country nouse; thawing 
water mains and service by electricity; double boilers; hot wster supply of la"" *" "" 
Ings; automaUc control of hot wat«r tank; suggestions for estimating plumbing 
tlon. 400 octavo pages, fully lUustrated by 65 full-page engravings. Price 

^ANDARD PRACTICAL PUJMBIMG. By R. M. Htabbtjck. 

complete practical treatise ot 450 poaea co-jerin* I.'m scteieW. <i\ ^*'^«» f'"™.?S 
all its branches, a large amount, ot space \)^i* ^S°JSS^^\!S^..^^™6^"~^ 
'atment of the aubjedt of Hot WaWr aV;f ^W a^ cv™i^™w^™w> ■&* 
«Urty cliapteis Include about ewtj ptMB ot ^i» so.'oiws. ooa wa 
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sMr plumber, tt 
: Che ulumbep'a 
Biphonag 



ioume; man plumber, and the apprealf 
Dols; wiping solder, compoaition and nir 

„ us; venllog; continuouH venting; ' — ' 

_„ .^,. drain; soli piping, roughing; main trap uid rre__ 

Boor. yard, cellar draina. rain leaders, etc.; Oiture wnsles: water closeU: Teatilkfl 
Elprored plumbing conuectlona; rcildunce plumbing: plumbing for hotola, Hchoola, r 
ineB. itablea. etc.; modem country plumbing; ailration of sewage and water 
^"^ and cold Mupply; range boilers: circulation; circulating pipoa: range boiler "■ 

it water for large bulidlngsi water lift and its use; muitipie connecilons for __. . . 
_jlIerB; lusting of radiation by EUpply system; theory for the plumber: drawing for 
lumber. Fully illustrated by 347 engravings. Priue ~" 

EECEIPT BOOK » j 

Bdehley's twentieth cemtory book of receipts, formulas ahd pbJ 

Edited by Gakdneh D. Hiscox. ■ 



c. chemical, teclmologlcal, a 



manufacturer of 

~, Proceesea are rareaied within its pages. 



idiaji 






;a; 



le should have ai 



. It of every subject that properly falls within its scope, the book itf 

ruthfullv be BBld to present the very latest formulas to be found in the arts and industa 
Id to retain those processes «hich long eiperlence has proven worthy of a permanent recij 
^^D present here even a, limited number of the subjects which And a place In this valuu 
rork would be difficult. SulBce to say that in its pages will be founif matter o( Intena^ 
Urest and immeasurable practical value to the scientific amateur and to him who wlBlid 

KtaiQ a knowledge of the many processes used In the arts, trades and manufacturMI 
Owledge which will render his pursuits moro Instructive and remunerative. Serving ■ 
— ...... -^ jjjg gnjj^u [iQ(j large manufacturer and Huppplylng Intelligent seek^a 'M 

, „ necessary to conduct a process, the work will bo found of ineaUmable wtfl 

I the Metallurgist, the Photographer, the Perfumer, the Painter, the Manufacturen 
lues. Pastes, Cements, and Mucilages, the Compounder of Alloys, the Cook, the Pbysloli 
B DniKlAt. tibe Electrician, the Brewer, the Engineer, the Foundryman. the Machbd 
PoMw, the Tanner, the Confectioner, the Chiropodist, the Manicure, the Manufticta 
Otaemlcal Novelties and ToUet Preparations, the Dyer, the Electropiater. the Enamd 
e Bograver, the Provlsloner, the Glass 'Vorker. the Goldbeater, the Watchmaker, the JM 
_fr. the Hat Maker, the Ink Manu^cturer. the Optician, the Farmer, the Dairyman, f 
Ipier Maker, the Wood and Metal Worker, the Chandler and Soap Maker, the Veterl" 



and the Technoli 
mine uf information, ac 
EVEBYONE, as It co' 






lerai. 



. up-to-date in every respect. A book which will prove of yd 
ITS every branch of the Useful Arts. 800 pages. Price S8>l] 



I SAID OF THIS BOOK: 



Tour Twentieth Century Book of Receipts. Fom 



Mad U 
^ng I 



nis book gives full details o 
" nearly everythlDff ll Is nee 



tqiaMuooer Msnuiaciure. ine manmg ot all lUnas M ivnonei nanQ. bwi.\iiv», ^^^^i^^s 
£^? S"^!^- ^- ^- Government Composition, DaXtaa B-ani ^^a'™S*'0??,nr^^ 
tUieet Bubbet, Toy Baiioom, Iiull» Bubbei BohtttonB. Cemwn.'a. aiai3tai». ■»« 
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India Rubber are set (oith In a. r. „^ 

beinc plain and simple, IncludlQuactiapl^roD Rubber TireMBklagaiidVulcBiilzmg: 

cbBpt«r OD Uieusai uf rubbur in Siirt;ery and Deatistry. Tliird revised and eularitededlti 



I. llluslraled. 



«AW FILIHGS AND MANAGEMENT OF SAWS. By Robert Gbimshaw. 
vasinK. Iiammerlng, and tbe brazing of ban 
A handj booli ft " " ' 



meclianics wbo do their own Qline. as It deals with the proper shape 
of all kinds an'' ''"'"■ ".-"^ ..^^t-.i i^i-^.c ..^^ -,.i«.- 9^^ <^,™ — 1_™ — .. 

^radical aid to I 

eniaraed. Illustrated- Price 



is ami givi. .. ._ 

and HllnK. and 19 a practical aid to those who use saws tor any purpose. Net 



I STEAM ENGINEERING 

AMERICAN STATIOMAHY ENGINEERING. By W. E. Cbanb, 
Thla booli btiglns at the boiler room and takes in the whole power plant, 
every-day work atioiit engines, boilers, and Iboir aetessories. It ia not inti 

title or matheniatical. AD formulas are In simple form so that any one im 

arithmetic can readily understand any of them. Tbe author has made tbls ibe 
tical book in print; has given tbe results of his years of eiperlence, and ' — ' ' 
all tbat has to do with an engine room or a power plant. You are not left, uueum a 

point. You arc shown clearly what M) expect under the various condltlona; how 

the best results: ways of preventing "sbut downs" and repairs; In abort, all that sofa'' 
make up tbe requlromonts of a good engineer, capable of taking chaise of a plaoc. If^ "■• 
enough for practical men and yet of value to those high in the profession. 
\ partial list of contents la; The boiler room, cleaning boilers, firing, feeding; pum 
jispoction and repair ; chimneys, alzBB and cost; piping: mason work: foundations; test 
.Xment: pile driving ; engines, slow and high speed: valves; valve setting ; Corliaa eogin 
setting valves, single and double eccentric; air pumps and condense™; dlfTorent types 
condensers: wal«r needed: lining up; pounds; pins not square In crossbead or cni 
engineers' tools: pistons and piston rings: bearing metal : hardened copper; drtpplpestt 
cylinder jackets: belts, how made, care of; oils; greasos: testing lubricants; rules 1 
tables, including steam tables: areas of segments : squares and square root: cubes and Ci 

— .. — 1 ^ r„-__ f circles. Notes on: Brick work: eiploaiona; pum 

:: safety valves: lap, lead, and clearance. HasacompI 

:c„ etc. Second edition, 28E pages. Illustrated. Price . C8> 

EMINENT ENGINEERS. By Dwioht Goddabd. 

Everyone who appreciates CbeeBect of such great inventlonsas the Steam Engine, Stekmbo 

!,«coiuotlve, Sewing Machine, Steel Workmg, and other fundamental disc '~ '- ' ^^" 

in knowing a little about tbe men wbo made them and tbeir actuevemema. 

Mr. Goddard has selected thirty-two of the world's ensineeis who have contributed , 

largely to the advancement of our clvlllzallon by mechanical means, givlne only such fad* 

are ot general Interest and In a way which appeals to all. whether mec' — ' 

pages. 35 illuBlraliouH. Price 



[ions, ErectinE and Starting, Valve Setting, Care and Use. Emergencies, Erecting and 
Justins Special Enghies. 

r/ie questions asked ihroiighout the ctttechlam a« ^Uta and (0 the point, and the anr. 
regiven ia such simple language as lobe teaAi^ vmiB-ravwi4>i ™.TSBa. Mltha^ttnictl 

S.S/itfeS'S? raathema"?cJl inrmul^ THe^^^^^^ 

3 veu printed, nicely bound, and proMaely muaimj|awVoi™ii**"»- 
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I may be preparing to BO forward to be 
irs geneisllj' il will be uf no litt' 

Seventh edition. Price . " " """ja! 



KIGIHE TESTS AND BOILER EFFICIENCIES. By J. Bochktti. 
nils work fully describea and illustrates the metbod at testing Itie power of steam enelBl 
mbines and esplosive motors. Tbe properties ol steam aod tbs evaparaiive power of fua 
ionibusllon of fuel and chimney draft: with lormulas explained or practically compLrti 

H.,. ._„ n..._.^j(gyg Jg_« 

HORSEPOWER CHART. I 

lows the horsepoirer of any stationary engine without calculation. No matter what d 
'Under diameter of slroka^ the steam pressure or cut off: the revolutions, or whether col 
" ' " " " "■ — ' ate, and saves time and calq 



lODERH STEAM E5G1I1EERIBG IH THEORY AND PRACTICE. By GahdnI 
p. Hiscox. 

_pleto and practical work Issued for Stationary Engineers and flremen dealjg 

Vltb the care and management of boilers, engines, pmnps. superheated steam, refrlgeratll 
BBchlnefy, dynamos, motors, elcvalors, air compressors, and all other branches wiw wUt 
ilie modem engineer must he famlilar. Nearly 20Q questions with theh' answers on ste« 
d electrical englneerins. likely to be asked by the Examining Board, are included. i 
nong tba chapters are: Historical; steam and its properties: appllanceH for the Benagj 
in of steam; types of boilers: chimney and its work: heat economy of the feed wb(4 
am pumps and their work; Incrustation and lla work: steam above atmospheric pressiiH 
„— w of steam from nozzles: superheated steam and Its work; adiabatlc expansion of steMl 
idlcator and Its work: steam engine proportions; slide valve engines and valve motu 

■"— " ' — and its valve Rear: compound engine and its theory; triple and mulUj 

Itie. Rteatn turbine; refrlgeraUon; elevatora and tbelr managemeoC; on 
iam engine troubles: electric power and electric plants. 4S7 pages. 40fi aj 



BTEAH ENGINE CATECHISM. By Robert Grimssaw. 

rhia iinlquo volume of 413 pages Is not only a catechism on the question and ansi. __ ^ 

lie: but It contains formulas and worked-oift answers for all the Steam problems that api 
•In to the operation and management of the St«am Engine. Illustrations of various va] 
■ valvB (tear with their principles of operation are given. Thirty-four Tables that H 
spensable to every engineer and Rreman that wishes to be progressive and is ambitious J 
i master of his catling are within its pages. It Is a moat valuable Instructor In ti 
of Bteam EuKiooering. Leading engineers have recommended it as a valuable odaa 
the b^lnner as weO as a reference book for the engineer. It Is thoroughly Indenj 
K^ H..!:..! Every essential question on the Steam Engine with Its answer Is coDtaina 



this valuable work. Sixteenth edition. Price 



'engineeitj 
sure aroui 



STEAM ENGINEER'S ARITHMETIC. By CoLvm-CaBi 

practical pocket book for the steam engineer. Shows how to work the proble 
sine room and shows "why." Tells how to figure horse-power of engines and he 
bolters: hastablesof areas andclrciimterencss; steam tables: has adlctlonaty of< 

nns. Puts you on to all all of the Uttle kbiks in figuring whatever there is to fig.. 

power plant. Tells you about the heat unit; absolute zero: adiabatic expansion; duty ■ 
nklDes: factor of safety; and 1,001 other things: and everything is plain and simple— hm 
lie hardest way to figure, but the easiest. 2[]d Edition. 60 oaM 

STEAM HEATMO AND VENTILATION ' 

PRACTICAL STEAM. HOT-WATER HEATIHG AHD VEMTILATIOH. By A. <i 

Ki™. , 

his book is the standard and latest work published on the subject and has be«a ^K^Kn^jj 
H^. 1 .1. 1 ;_ .1., 1 — , „. ,. i,„. T,a_^gi \»-B,\,\n%, a,n6, -^gwi^a'C'ga.^^^Ng 
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ihop use. Rules and data (or Baliinatiog radiation and cost and such tables and infotmatlq 
US inaiiH il an indispensable work foreveryon- ' ■" ' '--- ' '—- ------ 



ther wuh « 



chapten on up-to-date methoda o! veatilation aod Ibe tan 
ventilacloo. Containing cbapte— ~- ' •-■■—■■ — '— 

artifldal heating apparatus. IV, . „ . .._ 

Pipe and fltclnn. Vlt, Valves, variaus kinds. VIII, Forms of radlatiiiK surfaces. 
Locating of radiating BurfBces. X. EatimBting radiation. XI. Steam-heacing appan 
XII. EibauBt-steam heating. XIII. Hot-water beating. XIV. Pressure sysienu o[ i 
water work. XV. Hot-water appliances. XVT. Greenhouse heating, Svil. Tan 
It heatltig. XVIII. MlscellaneouB heating. XIX. Radiator 



pipe connoctioQs. XX. Ventilation. XXI. Mecbanlcal ventilation and hot-blail 
XXII. sr«am appliances. XXIII. District heating. XXIV. Pipe and b " 
XXV. Temperature regulation and heat control. XXVI. Business mett 
Mlscetlaneoos. XXYIIl. Rules, tables and useful infarmatlon. 367 page*. 



STEAM PIPES 

STEAM PIPES: THEIR DESIGH AHD COMSTRDCTIOH. B7 Wm. H. Boc 

The work Is well llluslrateil In regard to pipe joints, eipansion offsets, flexible Joints, 
self-contained aildlnc joints for taking up ttie expansion of long pipes. In fact, ine chai 
on the Sow of steam and expansion of pipes are most valuable to all eteam filters and u 
The pressure strength oC pipes and metiiod of hanging them are well treated and Uluatn 
Valves and bj-passasare fully illuatratad and described, as are also flange joints ar-" " 
proper proportions, exhaust heads and separators. " ' ■'— — •..-■^•- -• 



Ing and other materials with comparison tables of the loss of heat in thermal units from i 



>n aupecbeated steam and the se 

.ng and other materials with cor.., 

Ud lelMd steam pipes. Contains 1S7 pages. Price 

! STEEL 

AMERICAH STEEL WORKER. By E. R. Makkbam. 

This book tells how to select, and how (0 work, temper, harden, and anneal steel toreverylU 
"- It doesn't teU how to lemper one class of tools and then leave t^" '" ■■ " 



another kind of tool to your imagination and Judgment, but It ^ves careful instructions 
evBry detail ot every tool, whether It be a tap. a reamer or jual a screw-driver. It tells at' 
the tempering of small watch springs, the bajdenlng ot cuturr, and the atuieallng of dies, 
fact there isn't a thing that a steel worker would want to know that Isn't indndod. It Is 
standard book on meeting, hardenliw, and tempering oil grades of ateel. Among 
<^Bpter headings might be mmtioaed the foUoviiig subjeeta: Introdnctlon : the worlr~ 
■tee): methods of beating: heating tool steel: forging: annealing; hardening baths: 
for hardeaing: hardening steel; drawing the temper after hardening: eiamplea of 
snlng: pack hardening : case hardening; spring tempering; making tools of machine 
special steels: stoel for various tools; causes of trouble; high speed steels, etc 368 paa 
Very fully iUustrated. 3rd Edition. Price UJ 



By J. 



A new work treating In 
forging, wBldine, t— '- 



-working mechanic In general, with special direction 
' ' the arts, including milll 



e of all steel tools used In the arts, including milling ci 



solid and shell, hollow milts, punches aod dies, and all kinds ot sheet mi 

working tools, shear blades, saws, Hno cutlery, and metal cutting tools of all descrlpllon, 
well as for all implements of steel both large and small. In this work the simplest and m 
satisfactory hardening and temporinB processes are given. 

The uses to which the leading brands of steel may Vin adapted are concisely piesented. and 
treatment for working under dllTerenl conditions explained, also the special "*"■■'--■'■ *-■ 

hardening and (emperlDg ot special brands. 

4 chapter devoted to the diHerenl prticesaea lot CM»-\iM4CT.\i«,>a 

^ference made 10 the adoption olmacWneTssVeeVloTUKte OS ■sM'vrivn 

*aat. 201 lUuitratlons. Price ■ ■ 
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TURBINES 

MARINE STEAM TURBINES. By Db. G. Baueb and 0. Laschb. Assisted b 

E. Ludwig and H. Vogel. Translated from the German and edited by M. G. { 

Swallow. 

This work forms a supplementary volume to the hook entitled ** Marine Engines and Boilers. 
The authors of this book. Dr. G. Bauer and O. Lasche, may be regarded as the leadiz 
authorities on turbine construction. 

The book is essentially practical and discusses turbines in which the fUll expansion of steai 
passes through a number of separate turbines arranged for driving two or more shafts* i 
m tiie Parsons system, and turbines in whidi the complete expansion of steam from inl< 
to exhaust pressure occurs in a turbine on one shaft, as in the case of the Curtis machine 
It will enable a designer to carry out all the ordinary calculations necessary for the ooi 
st^uction of steam turbines, hence it fills a want which is hardly met by larger and moi 
theoretical works. 

Nimierous tables, curves and diagrams will be foimd, which explain with remarkable luddit 
the reason why turbine blades are designed as they are, the course which steam takes throug 
turbines of various tsrpes, the thermodynamics of steam turbine calculation, the influenc 
of vacuum on steam consumption of steam turbines, etc. In a word, the very Informatio 
which a designer and builder of steam turbines most requires. The book is divided int 
parts as follows: 1. Introduction. 2. General remarks on the design of a turbine install! 
tion. 3. The calculation of steam turbines. 4. Turbine design. 5. Shafting and pn 
pollers. 6. Condensing plant. 7. Arrangement of turbines. 8. General remarks on tli 
arrangement of steam turbines in steamers. 9. Turbine-driven auxiliaries. 10. Table 
Large octavo. 214 pages. Fully illustrated and containing 18 tables. Including an entrop 
chart. Price, net, $8.5 

WATOH MAKING 

WATCHMAKER'S HANDBOOK. By CfJLVDivs Saxtnibb. 

This famous work has now reached its seventh edition and there is no work issued that ca 
compare to it for clearness and completeness. It contains 498 pages and is intended as 
workshop companion for those engaged in Watch-making and allied Mechanical Arts. Nearl 
250 engravings and fourteen plates are included. Price ... .... 98.a 
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